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Abstract
This PhD thesis compares the effectiveness with which different installer businesses are 
able to fit small-scale renewable energy in UK homes. It looks particularly at how installer 
businesses can affect the rate and standards of uptake of these technologies. 388 installer 
businesses were surveyed in 2011 and 2012. From summer to autumn 2012, follow-up 
interviews were conducted with 24 installers, most of whom completed the main survey in 
late 2011. In late 2012, the main survey respondents were invited to complete a repeat 
survey to assess market change over the past 12 months. The results indicate an emerging 
and volatile market where solar PV, solar hot water and air source heat pumps are the 
dominant technologies. Most installers are very small: around half have five employees or 
less, or are no more than four years old.
Installer business models can be characterized according to the different ways in which they 
create value (e.g. technology types installed), who they create value for (e.g. national versus 
local markets, marketing strategies), and their source of business competence (e.g. 
preferred training courses and manufacturers). Overall the results show the fundamental 
dependence of installer business models on government subsidies and the Microgeneration 
Certification Scheme. But they also continue to be affected by persisting barriers to the 
uptake of microgeneration heat technologies especially. Market confidence has been hit by 
the sharp reduction in Feed-ln Tariffs for solar PV and ongoing delays to the Renewable 
Heat Incentive for residential installations. Installers also attributed low installation numbers 
to negative press coverage about renewable energy. The interviews have shed light on a 
training and inspection regime which is barely adequate in ensuring installation standards.
Applying socio-technical transitions theory, it is concluded that multiple niches co-exist in the 
residential microgeneration market, and that while the solar PV niche has expanded and 
contracted in response to changes in the Feed-ln Tariff, financial and non-financial barriers 
to microgeneration heat technologies persist and restrict them to early niche markets. The 
political regime actors who determine the energy mix in the UK remain entrenched in 
supporting the continuing prevalence of incumbent fossil-fuel based, centralized energy 
generation. If these regime actors were to perceive or respond to climate change as a 
disruptive landscape pressure, there would be an increased prospect of one or more of 
these microgeneration niches causing re-alignment of the dominant energy regime.
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1. Introduction
1.1 Background
Global surface temperatures over the land and ocean increased by an average of 0.8°C from 
1901-2010, with 0.5°C of this change occurring since 1979 (IPCC, 2012). Greenhouse gas 
emissions from human activities are the predominant cause of global warming since 1950, 
alongside large-scale changes to the ocean, cryosphere and sea level rise. The 
concentration of carbon dioxide in the atmosphere is unprecedented in the last 800,000 
years, while the rate of increase in their concentration is unmatched in at least the previous
20,000 years. For most IPCC AR5 model ensembles, it is likely that by 2100 the climate will 
have warmed by at least 2°C globally relative to the pre-industrial equivalent. A recent report 
by the World Bank (World Bank, 2012) concludes that agreements at Copenhagen and 
Cancun put the Earth on course for at least a 3°C warming by 2100. There is a 40% chance 
of a 4°C warming by 2100 if these agreements fail, causing a predicted global sea level rise 
of between 0.5 and 1 metre.
The Climate Change Act 2008 sets out that the UK must reduce net emissions^ of carbon 
dioxide and other greenhouse gases (methane and nitrous oxide) by at least 80% below 
1990 levels by 2050^ (HMSO, 2008). In 2011, 23% of UK greenhouse gas emissions 
resulted from energy consumption in residential buildings. 55% of these emissions were 
from space and water heating, and 45% from electricity use (Committee on Climate Change, 
2012). This is despite four-fifths of residential energy consumption originating from space 
and water heating, due to the lower-carbon intensity of UK gas heating versus electricity 
when supplied from the grid.
Increases in residential energy use have been offset to some extent by efficiency 
improvements in the building fabric, such as loft and cavity wall insulation and double glazing 
(DECC, 2012a), and the greater deployment of more efficient gas condensing boilers 
(Element Energy, 2008a). The growth of consumer electronics and home computing has 
increased electricity consumption as a proportion of the total residential fuel mix from 20% in 
1990 to 25% in 2011. The number of households in the UK is projected to increase by 5.8 
million to approximately 27.5 million by 2033^ (DCLG, 2010), due to population growth and 
more single occupancy homes. Even though new ‘zero carbon’ homes may go some way 
towards offsetting the additional carbon footprint, nine out of every ten houses standing 
today will still be standing in 2030 (Committee on Climate Change, 2010).
Microgeneration is a form of decentralised or distributed energy supply where energy is 
produced close to the point of use, from community or district-level down to individual 
households (Allen, et al., 2008). The Energy Act 2004 defines microgeneration as the
 ^ UK emissions are net of removals according to the method used to calculate annual statements of UK 
emissions.
 ^The emissions of three additional greenhouse gases, hydrofluorocarbons, perfluorocarbons and sulphur 
hexafluoride, must be reduced by 80% below their 1995 levels.
 ^This projection is from a 2008 baseline.
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generation of electricity of capacity no greater than 50 kilowatts (kW), or the production of 
heat up to a capacity of 45 kW thermal (HMSO, 2004).
The number of microgeneration installations in the UK was estimated at less than 100,000 at 
the end of 2007 (Element Energy, 2008a), but this mark has since been exceeded^ with an 
additional 358,658 systems (353,729 of these solar PV, comprising 90% of installed 
capacity) installed through the Feed-ln Tariffs from April 2010 to December 2012 (Ofgem, 
2013a). 70% of the total installed capacity of these installations (at least 1,656MW) are 
comprised of residential systems. To have a substantial impact on electricity and heat 
supply, it has been argued that tens of millions of microgeneration units would need to be 
deployed (Energy Saving Trust, Econnect, and Element Energy, 2005) and (Boardman,
2007) - the number of such installations in 2012 equates to approximately 17 in every 1,000 
households®. Nevertheless, the 26.4 million households in the UK (ONS, 2012) vary in terms 
of their suitability for microgeneration and whether it is an appropriate energy-saving solution 
for their properties.
Notwithstanding the costs involved, PV could generate half of residential electricity supply 
and solar thermal could produce a third of domestic hot water needs (Pollitt, 2010). The 
Committee on Climate Change’s medium abatement scenario for the fourth carbon budget 
suggests that air and ground source heat pumps could be installed in a quarter of UK 
residences® by 2030, which is reliant on bringing 30-40 GW of new baseload-equivalent, 
low-carbon generation onto the grid during the 2020s. Heat pumps offer only marginal 
carbon emission savings compared to gas boilers currently, but savings as great as 100% 
could be achieved with a sufficient reduction in the UK’s grid carbon intensity (Committee on 
Climate Change, 2010). In addition to achieving greater energy efficiency in buildings, it 
would be desirable to achieve a substantial portion of the potential offered by 
microgeneration in the residential sector, at least where its deployment is a cost effective 
means of reducing the carbon footprint of domestic buildings. The Government’s 2006 UK 
microgeneration strategy (BIS, 2006) set out the need to deploy microgeneration for the 
purposes of reducing greenhouse gas emissions, cutting the number of fuel-poor 
households, and avoiding substantial energy losses from centralized power generation, 
transmission and distribution^. Microgeneration continues to receive policy attention with a 
progress review of the Government’s 2006 strategy after two years (BERR, 2008) and the 
publication of a second microgeneration strategy in 2011 (DECC, 2011)).
Demand side barriers to the uptake of residential microgeneration are well established. In 
the UK, upfront investment, ongoing costs and payback periods are key barriers for 
homeowner (Element Energy, 2008a & b; Faiers & Neame, 2006; Keirstead, 2007; Walker,
2008). Despite the upfront costs of some microgeneration technologies, particularly solar 
PV, reducing substantially in the last few years (REN21, 2012), the current levels of UK 
deployment noted above (Ofgem, 2013a) do not suggest that this affordability gap has been 
bridged. It is likely that this has been exacerbated by economic recession in the UK since
The Low Carbon Buildings Programme provided grants for the installation of residential microgeneration 
between 2006 and 2011: 16,000 household and 3,200 community microgeneration systems were fitted, mainly 
solar thermal and PV, but also heat pumps, wind turbines and biomass boilers (DECC, 2012).
 ^This estimation assumes that there are 26.4 million households in the UK (ONS, 2012).
® Mainly in households not connected to the gas grid (Committee on Climate Change, 2010).
 ^(Allen, et al., 2008) state that around 58% of centralised power generation is lost as waste heat, and a further 
7% during transmission and distribution.
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2008. ‘Early adopters’ of microgeneration in homes tend to be older, more educated, 
professional classes, sometimes with a natural interest in technology (Faiers & Neame, 
2006; Roy, et al., 2007; Roy, et al., 2008; Caird & Roy, 2010). Tenants are not in a position 
to contemplate the adoption of microgeneration -  private and public landlords must bridge 
the gap here (Element Energy, 2008a & b).
Given the importance of realising microgeneration’s potential as a localized alternative to 
centralized power generation, and the existence of significant barriers, the question is how to 
incentivise the uptake of residential microgeneration beyond this early, niche market of early 
adopters. For solar PV, this has been partly achieved in the UK through the introduction of 
Feed-ln Tariffs (FITs) in April 2010 -  although micro-wind has inadequate performance in all 
but exposed, rural locations (James, et al., 2010) and micro-hydro has been held back by 
other, non-financial barriers (Aldridge, 2012). Solar thermal, with its relatively affordable 
retail prices, was the market leader before solar PV proliferated under the FITs. Other 
microgeneration heat technologies may have experienced lower levels of uptake due to such 
factors as their lower public profile (NHBC Foundation, 2012), lack of cost-competitiveness 
with homes connected to mains gas (Element Energy, 2008a & b; Committee on Climate 
Change, 2010), lack of space for thermal stores and ‘hassle factors’, such as the manual 
reload of wood pellets required for some biomass boilers (Staffell, et al., 2010). Furthermore, 
microgeneration heat deployment in homes has been affected by ongoing delays to the 
Renewable Heat Incentive (RHI) for residential systems, which is not due until at least 
summer 2013 (DECC, 2012b). The Renewable Heat Premium Payments (RHPP) offer up­
front grants of between £300 - £1200 for different microgeneration heat technologies, but 
this modest subsidy only covers a small portion of the retail prices of microgeneration. There 
were just 7,250 installations through the RHPP from August 2011 to March 2012, so that 
only £8.6 million of the £15 million funding cap was taken up (Committee on Climate 
Change, 2012).
Approximately 4,500® accredited installers are currently listed on the Microgeneration 
Certification Scheme website (MCS, 2012). The rapid growth of microgeneration installer 
businesses from less than 1,000 in 2009 has occurred at the same time as the accelerated 
installation of solar PV systems from April 2010 to September 2012 associated with the UK 
FITs. There is a lack of research on drivers and barriers to uptake of microgeneration from 
the perspective of suppliers; specifically, which factors accelerate and constrain the rate at 
which microgeneration instalier businesses can actually install systems, and with what 
associated impacts on the quality with which systems are fitted and maintained afterwards? 
Very little academic research has been conducted on microgeneration instalier businesses 
themselves; for example, what size they are, how they are structured, and the nature of the 
business models that underpin them, either explicit or implicit. Previous understandings of 
the microgeneration installer industry as a very smali, emerging and unskilled market 
focusing mainly on solar thermal installations (Bergman & Jardine, 2009; Bergman & Eyre, 
2011) need to be re-examined in the light of the introduction of the UK FITs in April 2010. 
Bergman & Jardine (2009) established that while most microgeneration installers each fitted 
very few systems through the Low Carbon Buildings Programme, a few installers installed a 
large number of systems. The reasons for such differences are worthy of further research.
 ^The number of Installers listed on the MIcrogeneratlon Certification Website may Include some duplicates, which 
are difficult to fully Identify based on secondary Inspection alone.
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particularly given the recent expansion of the microgeneration installer market following the 
introduction of the UK FITs.
Huge uncertainty has been created in the market by the controversy surrounding 
developments in the FITs, together with delays to the RHI and concerns about whether and 
how microgeneration will be integrated by the Green Deal (Ecobuild, 2012). The 
Government proposed to drop the Feed-in Tariff for residentiai solar PV from 43p / KWh to 
21 p / KWh for domestic retrofits on 12 December 2011. This deadline was subsequently 
extended to 3 March 2012 following a court case brought against the Government, two 
unsuccessful Government appeals and final defeat in March 2012 (Guardian, 2012). These 
incentives are intended to boost learning and experience effects by creating ‘niche markets’ 
for microgeneration, where favourable tariffs insulate supported technologies from selection 
by general market forces (Foxon, et al., 2008; Foxon, et al., 2010), but clearly the way they 
have been managed has created an unstable ‘boom and bust’ market.
Variations in installer business models may range from companies which are locally-focused 
to those which install systems nationwide, potentialiy impacting on regional rates of 
installation. One type of business model is based on energy service contracts for 
microgeneration installation (Walker, 2008; Watson, et al., 2006), for example, free solar PV 
companies, which have installed solar PV systems for free on eligible, south-facing roofs in 
return for earning Feed-ln Tariffs for generation and export (See: A Shade Greener, 2011; 
HomeSun 2012; Isis Solar, 2010). A framework for categorising business models (Morris, et 
al., 2005) can be applied to microgeneration installer businesses. This framework is 
consistent with the definition of business designs in (Slywotzky, 1996, p.4) as ‘the totality of 
how a company selects its customers, defines and differentiates its offerings, defines the 
tasks it will perform itself and those it wili outsource, configures its resources, goes to 
market, creates utility for customers, and captures profit’.
Most customers that Caird et al. (2008) surveyed who made decisions to have solar hot 
water fitted did so on the basis of installer advice, even though they didn’t usualiy have the 
technical knowledge to judge the quality of this advice. Caird et al. (2008) also found that 
one of the reasons for non-adoption of microgeneration was related to consumers’ lack of 
trust in instaliers of solar PV, solar hot water and micro-wind. Microgeneration installers have 
previously suffered from poor reputations amongst consumers and been associated with 
aggressive ‘cowboy’ marketing strategies -  this has been identified for solar hot water 
(Bergman & Eyre, 2011; Keirstead, 2007). Excessive and variable retail prices for equivalent 
solar hot water systems have been documented by Bergman & Jardine (2009). Genus 
(2008) notes the risk of bad micro-wind installation practices and consumers receiving 
incorrect advice, while suggesting that micro-CHP (Micro-combined heat and power) 
installers should possess multiple skills across electrics, metering and plumbing trades.
Although the Microgeneration Certification Scheme (MCS, 2012) is now well established, it 
cannot be assumed that it is a comprehensive failsafe against systems being installed sub- 
optimally. Installer businesses that may focus on one or a smali number of microgeneration 
technoiogies are not incentivised to offer households technologies which are genuinely 
appropriate, or identify which would be the best solution for given properties, in the context 
of what would maximise carbon and energy savings overall (Bergman & Jardine, 2009; 
Bergman & Eyre, 2011). Poor public knowledge and understanding of microgeneration 
technoiogies (NHBC Foundation, 2012) means there is rich potential for installers to exploit
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this incomplete knowledge, or ‘bounded rationality’, of customers through the ‘opportunism’ 
of instailers’ practices (Sorrell, 2007).
The actual performance of microgenerators in households is known to have been 
undermined by poor or incorrect instaliation (Energy Saving Trust, 2010; Miara, et al., 2011). 
One of the key problems for residential microgeneration customers is where more than one 
company is involved in different aspects of the installation process (e.g. surveying, electrical, 
plumbing etc.). From the customer perspective, this means that, in the event of a fault, 
responsibility for such products following instaliation is often difficult to assign when it is not 
known where installer businesses sit within this complex web of sub-contracted services 
(Energy Saving Trust, 2010). Furthermore, homeowners do not receive effective information 
from instaliers on how to actually maximise energy production and savings, particularly after 
systems have been fitted, and initial documentation is handed over (Bergman & Eyre, 2011).
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1.2 Research aims
The research presented in this thesis aims to establish how UK microgeneration installer 
businesses influence the uptake of microgeneration in homes, both in quality and quantity 
terms, focusing on the period from April 2010 to September 2012. In other words, what was 
the impact of installer businesses on how many microgeneration units could be installed 
during this period, how well these technologies were fitted, and their ongoing performance? 
Quality and standards may refer to a wide range of considerations^. This thesis considers 
some aspects which are measurable through surveys and interviews with microgeneration 
instaliers. These include: appropriateness of design and specification of microgenerators 
and the extent to which they are effective energy and carbon-saving interventions; the 
degree to which businesses are incentivized to maximize the energy performance of 
microgenerators; choice of manufacturers and products; effectiveness of the 
Microgeneration Certfication Scheme in ensuring that standards are adequate; and sales 
and marketing strategies of installers, particularly where these may involve exaggerated 
performance claims, or hard selling of products which may be overpriced or inappropriate 
solutions for a given property.
To achieve the overali research aim, the thesis is structured according to three broad 
research objectives:
(1) To what extent have instalier businesses influenced rates of residential microgeneration 
uptake?
(2) What has been the impact of instalier business activities on standards of microgeneration 
installation in homes?
(3) How do installer businesses contribute to the ongoing energy and carbon-saving 
performance of the microgeneration systems that they fit in homes?
The research centres on microgeneration which is retrofitted to existing homes, although 
new builds are considered to a lesser extent. This is because retrofitted systems comprise 
the majority of microgeneration instaliations registered for Feed-ln Tariffs since April 2010 
(Figure 1). Tables 1-3 show specific research questions grouped under each of the three 
overall research objectives.
® C.Jardlne, personal communication. 8 July 2013.
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Table 1 Broad and specific research questions -  Research Objective 1
Research objective 1 To what extent have instaiier businesses influenced rates of 
residentiai microgeneration uptake?
Sub question 1.1 What are the factors governing market entry of microgeneration 
installer businesses?
Sub question 1.2 How can the business models underpinning installers be characterised 
and how do they vary?
Sub-question 1.3 To what extent are different installer business models shaped by 
drivers and barriers to residential microgeneration uptake?
Sub-question 1.4 To what extent do different installer business models shape drivers and 
barriers to residential microgeneration uptake?
Sub-question 1.5 How does microgeneration installation activity vary geographically 
across different regions of the UK?
Table 2 Broad and specific research questions -  Research Objective 2
Research objective 2 What has been the impact of instaiier business activities on 
standards of microgeneration installation in homes?
Sub-question 2.1 To what extent do installer businesses ensure that systems they install 
are appropriate solutions for a given property?
Sub-question 2.2 To what degree do microgeneration installers exploit the ‘bounded 
rationality’ or incomplete knowledge of consumers through 
opportunistic marketing techniques?
Sub-question 2.3 How do different instaiier business models affect the quality of 
microgeneration installation work?
Sub-question 2.4 How successful has the Microgeneration Certification Scheme been in 
policing the quality of installations?
Table 3 Broad and specific research questions -  Research Objective 3
Research objective 3 How do instaiier businesses contribute to the ongoing energy and 
carbon-saving performance of the microgeneration systems that 
they fit in homes?
Sub-question 3.1 How do different installers choose manufacturers and products for the 
microgeneration systems they fit in homes, and how does this choice 
impact on the energy and carbon-saving performance of these 
microgenerators?
Sub-question 3.2 To what extent do microgeneration installers take responsibility for the 
servicing and maintenance of systems that they fit and how does this 
affect ongoing performance?
Sub-question 3.3 Does the nature of installer business model influence the extent to 
which overall energy and carbon-savings are achieved?
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1.3 Methodology overview
These aims are addressed through the following primary research methods: three web 
surveys of 388 microgeneration installer businesses across the UK, and semi-structured 
interviews with selected survey respondents to illustrate a range of business models and 
examine implications for rates of uptake and installation standards. The main survey was 
optimised following implementation of a piiot survey, which yielded a sufficient response rate 
to enable its data to be scrutinized both independently and comparatively with the 
subsequent surveys (see Chapter 6). Following and complementing semi-structured 
interviews with selected installers who responded to main survey, a repeat survey of 
respondents to the earlier surveys was conducted (see Table 4).
Table 4 Research methods timetable
Dates Method Outcomes
May to June 2011 Pilot web survey 71 responses from 235 installers 
emailed after posted pre­
notification letter
October to December 2011 Main web survey 317 responses from 2000 
installers emailed after pdf pre- 
notication letter
July to October 2012 Semi-structured interviews 12 face-to-face and 12 telephone 
interviews, mostly with survey 
respondents
October to November 2012 Repeat web survey 115 responses from 365 installers 
emailed
1.4 Structure of thesis
Chapter 2 presents an overview of relevant literature pertaining to how installer businesses 
contribute to the uptake of microgeneration in homes. Diffusion of innovations theory, 
transitions pathways and learning curves are explored as means to evaluate how installers 
can help overcome barriers to uptake. The rate of instalier business entry into the 
microgeneration market is considered, together with a range of business models which have 
previously been used to characterize instaiiers. The implications of these business models 
for rates of residential microgeneration uptake are then discussed. The chapter goes on to 
review existing evidence of the extent to which installers influence the quality of systems 
fitted and maintenance provided, and whether they help or hinder the overall achievement of 
energy and carbon savings from their instaliations in the longer term.
Chapter 3 presents several case studies pertaining to resident, monitoring and 
observational perspectives on experiences of installers and the real-world performance of
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microgeneration. These case studies draw on both primary and secondary research, and 
mainly pertain to solar PV, for reasons of access to monitoring data. The case studies are 
structured according to three types of retail strategies which led to their installation: outright 
homeowner purchase, third party manager (energy service company) and free solar PV 
(solar supply contracting). Actual installed solar PV performance is compared to an example 
prediction method used by some microgeneration installers.
The primary methods of data coliection used for the core research are outlined in Chapter 4: 
these span three web surveys and 22 semi-structured interviews with microgeneration 
installers. The reasons for selecting these methods over alternative approaches are first 
discussed, particularly to set out why they are appropriate for achieving the research 
objectives.
Chapter 5 presents the findings of the core research, comprising the main survey of over 
300 installers and follow-up interviews. The survey and interview findings are integrated 
across successive themes of market entry, diversity of business models and impacts of 
installers on rates and standards of microgeneration uptake. By so doing, the aim is to align 
the presentation of the results with the research objectives outlined above.
Chapter 6 then compares the results of all three surveys of microgeneration installers, 
conducted in: May-June 2011; October-December 2011; and September-October 2012. The 
aim is to capture the extent of market change over a key period when Feed-ln Tariffs for 
solar PV were halved from 1 April 2012, and the proposed Renewable Heat Incentive for 
domestic microgeneration was subject to continuing delays.
The findings of this primary research are then synthesized in Chapter 7, and critically 
evaluated against the research objectives with reference to relevant literature and case 
studies, drawing upon material in Chapters 2 and 3. Chapter 8 concludes the thesis with a 
discussion of the theoretical implications of the research findings, particularly in relation to 
socio-technical transitions and diffusion of innovations theory. It also discusses the 
limitations of the research, and implications for UK government policy on microgeneration.
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2. Influence of installer businesses on rates, standards and effectiveness of 
microgeneration uptake in homes
2.1 Introduction
The present chapter reviews relevant literature pertaining to how installer businesses 
contribute to the uptake of microgeneration in homes. Section 2.2 first presents the latest 
data on the extent and rate of residential microgeneration uptake in the UK (section 2.2.1). 
Literature on diffusion of innovations theory (section 2.2.2), and transitions pathways 
(section 2.2.3) is explored to evaluate how installers can help overcome barriers to uptake. 
The rate of instalier business entry into the microgeneration market is then considered, 
together with a range of business models which have been used to characterize installers 
(section 2.2.4). The implications of these business models for rates and geographic 
coverage of residential microgeneration uptake are discussed in sections 2.2.5 and 2.2.6.
Section 2.3 reviews the literature on the extent to which installers influence the quality of 
systems fitted and maintenance provided. Lastly, section 2.4 evaluates the degree to which 
residential microgeneration may help or hinder the overall achievement of energy and 
carbon savings in the longer term. At the end of each of the three main sections, expected 
research outcomes are set out under each research sub-objective.
2.2 Extent to which installer businesses can influence rates of residential 
microqeneration uptake
2.2.1 Rates of microqeneration uptake
It has been estimated that there were between 95,000 and 98,000 installed microgeneration 
systems in the UK by the end of 2007 (see Table 5). Prior to the introduction of the Feed-ln 
Tariffs from 1 Aprii 2010, solar thermal systems were by far the most popular type of 
microgeneration, seliing at a minimum rate of 5,000 - 6,000 units/year and contributing to 
over 90% of the total of just under 100,000 microgeneration systems. The 100,000 mark was 
exceeded, with the continuation of Low Carbon Building Programme grants through to early 
2010, and the Feed-ln Tariffs (Element Energy, 2008a).
Feed-ln Tariffs (FITs) were introduced in the UK as effect from 1 April 2010 following a 
consultation in 2009 and using powers in the Energy Act 2008. They apply where a certified 
electric microgeneration system has been installed, using a product and installation business 
accredited through the Microgeneration Certification Scheme. They initially comprised two 
elements (DECC, 2010):
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Table 5 Approximate total number of UK microgeneration installations by 2007
Technology Cumulative total (Estimate based on 
available data)
Grid-connected PV 2,300
Grid-connected Micro-CHP 200-1,000
Grid-connected Micro-Wind 1,100
Grid-connected Micro-Hydro 65-75
Solar Thermal 90,000
Biomass boiiers 500-600
Ground Source Heat Pumps 745-2,000
Air Source Heat Pumps > 150
Estimated total 95,000-98,000
Source: Element Energy (2008a)
• A generation tariff (highest for domestic scale systems, decreases with increasing 
system capacity). The initial rates for residential scale systems were:
o 41.3p/kWh (kilowatt-hour) for solar PV retrofit (25 years)
o 36.1 p/kWh for solar PV new build (25 Years)
o 34.5p/KWh for micro-wind (20 Years)
o 10p/kWh for micro-CHP (piiot -  10 Years^®)
• An export tariff -  3p / kWh
In addition householders gained on the avoided cost of electricity biils from energy suppliers. 
424,121 microgeneration systems were installed through the FITs from 1®* April 2010 to the 
end of September 2013 (Figure 1). The vast majority (418,222) of the systems installed
This Micro-CHP piiot supports up to  30,000 instaiiations but a review is triggered after 12,000 
instaliations.
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during this period were solar PV, and most of these (391,286) were retrofitted to homes and 
equal to or less than 4kW (kilowatt) capacity. Only 6,239 installations of this size were 
installed in new build homes, although this also reflects the rate of construction of new build 
properties. 8,693 installations had a capacity greater than 4kW and up lOkW, but less than
1.000 systems fitted from April 2010 to September 2013 were larger than lOkW. This 
demonstrates that the Feed-ln Tariffs have mainly incentivized the installation of micro­
capacity soiar PV in retrofit properties, rather than larger-sized systems. The total of 418,222 
solar PV systems had a combined installed capacity of 1,822 megawatts (MW), compared to 
the 4,960 wind systems fitted through the Feed-ln Tariffs which had a total capacity of 173 
MW.
Figure 1 also shows how quarterly rates of solar PV retrofitted to homes may be associated 
with the Feed-ln Tariffs for this category of installation. Whiie these tariffs were above 40 
pence per kiiowatt-hour from April 2010 to March 2012, the rate of Installation grew 
exponentially, particularly in the rush to maximize installations before the FITs were 
eventually halved after March 2012. Since this time, the number of retrofit PV installations 
has decreased to around 20,000 per quarter, which still exceeds the level attained in April -  
June 2011, a year after the FITs were introduced. Unfortunately, it has not been possible to 
obtain reliable data on typical retail prices of residential solar PV in the UK, but clearly up­
front cost affects rates of uptake and could also be shown in Figure 1.
The UK Solar PV Strategy (DECC, 2013a) states that installed costs fell by 50% from 2010 
to 2012, based on a solar PV cost analysis by Parsons-Brinkerhoff (2012). However, it is 
unclear from these documents how the 50% figure was calculated. According to the REN21 
(2013) review of the global renewable energy market, the cost of solar PV crystalline silicon 
panels decreased by at least 30% in 2012, but this report also states that installed costs are 
not falling as quickly and vary considerably between countries. They provide an example of 
residential solar PV system costs in Germany, which decreased by 68% from 2008 to 2012.
Solar PV comprised 88.6% of ali the 557,504 microgeneration systems instalied from 2009 
to 2013 (Table 6) that were registered to the Microgeneration Certification Scheme (MCS) . 
The second highest number of installations for any technology type were air source heat 
pumps, with just over 25,000 systems installed during this time. By late November 2013,
22.000 solar thermal systems had been fitted through the scheme, compared to at least
90.000 pre-existing solar thermal installations (Table 5). This underlines the effect of the 
Feed-ln Tariff in stimulating the rapid growth of solar PV, potentially at the cost of 
disincentivising solar thermal without a Renewable Heat Incentive in place for residential 
systems. While solar thermal and ground source heat pumps peaked in 2012, over 7,000 air 
source heat pumps were fitted in each of 2012 and 2013. From 2009 to 2013, 7,414 ground 
source heat pumps and 4,013 biomass systems were fitted through the MCS. The number of 
biomass installations increased year-on-year to 1,504 in 2013.
Figure 1 Number of FIT-registered solar PV installations by quarter, April 2010 
September 2013, and level of FITs for retrofit solar PV installations <=4kW
25
120,000
100,000
5 -c S0,000
60,000 t
40,000
20,000
50
45
40
35
30
25
20
15
10
Apr- Jul* O ct* Jan- A pr- Jul• O ct- Jan* A pr- Jul • O ct- Jan* A p r- Jui-
Jutt Sep Dec M ar Jun Sep Dec Mar Jun Sep Dec Mar Jun Sep
2010 2010 2010 2011 2011 2011 2011 2012 2012 2012 2012 2013 2013 2013
Feed-ln Tariff for 
retrofit installations 
<-4kW  (Pence/KWh)
■■Stand alone
■■>100kW -5M W
■ «>10-100kW
«■ >4-1 0kW
■■<=4kW  (retrofit)
■®<=4kW  (new build)
——Feed-ln Tariff for 
<=4kW (retrofit)
Source: Ofgem (2013)
26
Table 6 Annual number of installations registered to the Microgeneration Certification 
Scheme by technology type, 2009 to 2013
Year 2009 2010 2011 2012 2OI3I Total
Air source heat 
pumps
103 1,342 3,684 7,515 7,024 25,031
Biomass 34 158 659 1,278 1,504 4,013
Exhaust air source 
heat pumps
0 28 163 127 14 332
Ground source heat 
pumps
466 943 1,467 2,088 943 7,414
Micro CHP 0 124 330 112 27 595
Micro hydro 0 18 37 12 0 67
Small wind and 
micro wind
89 586 969 2,178 362 4,212
Solar PV 1,181 24,352 205,488 167,776 90,452 493,849
Solar thermal^ 391 2,342 5,122 6,212 3,748 21,991
Total installations 2,264 29,893 217,919 187,298 104,074 557,504
Source: (MGS, 2013)
Notes to Table 6
^2013 data does not include December.
^Solar thermal installations include those products registered to the Solar Keymark scheme, 
which is equivalent to the Microgeneration Certification Scheme In that Solar Keymark 
products are still eligible for Renewable Heat Premium Payments and the Renewable Heat 
Incentive (MGS, 2013).
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2.2.2 Diffusion of innovations theory
Diffusion of innovations theory (Rogers, 2003) sets out the conditions under which innovative 
products may become accepted by consumers over time, so as to lead to their widespread 
acceptance and purchase. Rogers originally articulated this theory with respect to 
agricultural innovations in Iowa in the 1950’s, but it has since been applied in areas as 
diverse as marketing, public health and communication, including the internet and mobile 
phones. According to diffusion of innovations theory, the extent and speed of adoption 
depends on the characteristics of innovations and their acceptance by adopters. Whether 
consumers accept an innovative product depends on how much they are aware of any 
relative advantage over alternative products, and whether they are motivated to find out 
more about the innovation (Faiers & Neame, 2006). This indicates that marketing the 
advantages of new products over incumbents (e.g. micro-combined heat and power vs 
conventional gas boilers), and successfully communicating this to potential adopters, is a 
key intervention for installation businesses retailing microgeneration systems to maximise 
their uptake. After adopting a product, consumers judge whether it meets their expectations, 
and may subsequently cease to use it.
Figure 2 shows the sequence of adoption of new products, so that in the early stages, 
adopters tend to be more educated consumers, who know more about an innovation. They 
can be described as ‘innovators’ or ‘early adopters’ (Rogers, 2003; Faiers & Neame, 2006; 
Roy et al., 2007; Roy et al., 2008). Early adopters tend to be interested in technology, or 
driven by environmental or altruistic motives (Jardine, 2009). Element Energy (2008b) 
conducted a survey of 110 early adopters of microgeneration (Energy Saving Trust grant 
recipients), 80 of whom were householders and 30 community projects. All of the 
householders were owner occupiers. 73% of the Energy Saving Trust's Grant recipients 
lived in detached houses (above the national average), indicating that relative wealth was a 
precondition to adopting microgeneration (Element Energy, 2008b). Microgeneration has a 
higher up-front cost than demand-side measures such as energy efficiency, better insulation, 
better customer feedback and smart meters (Keirstead 2007, Walker 2008). Focus group 
research by Element Energy shows that most decisions on whether to change domestic 
heating systems are made by homeowners rather than public or private tenants, who have 
very little influence on these decisions. Private landlords, meanwhile, install far fewer energy 
efficiency measures in their rented properties than their own homes (Element Energy, 
2008a&b).
The term ‘early adopters’ may not just refer to residential customers of microgeneration, but. 
also to businesses which install it. Rogers (2003) refers to the example of American utility 
companies, of which only 2.5% had adopted solar PV according to a survey by Kaplan 
(1999), despite the same companies being knowledgeable about the technology. Due to the 
decentralized nature of solar PV, it was perceived as too radical or different from 
conventional technologies supported by such companies, and was still seen as a ‘disruptive’ 
innovation. Nevertheless, there was potential for utilities who were involved with solar PV to
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pass their learning and experience on to other utility companies who had not yet adopted the 
technology. For instance, an early adopter utility in Sacramento had helped households with 
the installation of solar PV on their roofs.
Barriers to wider uptake of an innovation beyond early adopters might be understood in 
terms of a ‘chasm’ (Moore, 1999) between early adopters and the early majority. Moore uses 
these concepts with respect to marketing and high-tech industries, drawing on the author’s 
experience of marketing Apple and Intel products in the 1970’s. In applying diffusion of 
innovations theory to the uptake of residential microgeneration, Faiers & Neame (2006) 
attempt to synthesise the perspectives of Moore (1999) and Rogers (2003). Early adopters 
are characterized as taking a long-term view of innovations, tolerating initial problems, e.g. 
lack of relative advantage over mainstream alternatives or product complexity. The width of 
the chasm depends on how attractive a new product’s attributes are to wider populations 
who, for example, may not place such value on the innovation or cannot afford it. The early 
majority are not likely to purchase an innovative technology for environmental or altruistic 
reasons: their priorities are affordability, financial viability and whether the innovation fits 
social norms (Jardine, 2009). Manufacturers can work with early adopters to improve their 
product performance and reliability and make them more appealing to a broader range of 
customers. Meeting the product expectations of the early majority is crucial to whether an 
innovation will be successfully deployed in the long run: if the early majority adopts the 
innovation, this would cover half the eventual number of adopters, as opposed to only 15% 
being accounted for by the first two categories (Faiers & Neame, 2006).
Rogers (2003) actually disputes Moore’s ‘crossing the chasm’ concept, viewing the diffusion 
of innovations as a continuous process from one adopter category to the next:
‘Past research shows no support for this claim of a ‘chasm’ between certain adopter 
categories. On the contrary, innovativeness, if measured properiy, is a continuous variable 
and there are no sharp breaks or discontinuities between adjacent adopter categories 
(although there are important differences between them).’ (Rogers, 2003, p. 282)
It is important to acknowledge that Roger’s adoption categories are idealised types, or 
abstractions based on empirical research, and clearly exceptions to these ideal types can be 
observed in reality.
Rogers describes the early majority as comprising around one third of individuals in a social 
system, which is consistent with Figure 2. The early majority is a crucial link between early 
adopters and the ‘skeptical’ late majority, if the diffusion of an innovation is to be successful. 
Although they are well connected to peer networks, members of the early majority are 
unlikely to be opinion leaders, nor do they like to act last, either, if they perceive sufficient 
value in adopting an innovation. Early adopters help to determine whether a critical mass 
can be achieved: ‘The early adopter decreases uncertainty about a new idea by adopting it, 
and then conveying a subjective evaluation of the innovation to near peers through 
interpersonal networks.’ (Rogers, 2003, p.283). The late majority, who also comprise a third
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of society according to this model, require that most of the uncertainty about an innovation 
has been eliminated, and do not adopt it until peer pressure or financial imperatives are 
sufficient. The last societal category in the diffusion process, ‘Laggards’, is not intended to 
carry negative connotations, but refers to those individuals who may be particularly opposed 
to change or extremely cautious in their approach to an innovation.
In a survey of 1,279 homeowners across Great Britain, 13% of respondents said they had 
considered purchasing solar PV, solar thermal or micro-wind in the last year (Element 
Energy 2008a&b). Although the proportion of respondents who considered buying 
microgeneration is similar to that for loft insulation, only between a tenth and a fifth of the 
homeowners surveyed then obtained quotes to instali microgeneration (compared with 
around half for loft insulation). And even of these, only 30-40% then made a purchase 
(versus 86% for loft insulation), indicating that high up front costs of microgeneration, 
amongst other factors, remains a significant barrier. Element Energy’s survey also indicates 
that homeowners are willing to pay towards the cost of solar PV, solar thermal and micro­
wind, but not to the level of up front costs of microgeneration, even with the then avaiiable 
Low Carbon Building Programme grants deducted.
Figure 2 Sequence of adoption of new products (left to right) according to diffusion 
of innovations theory and incorporating the ‘chasm’ concept (Moore, 1999)
Innovators Early Early Late Laggards
(2.5%) Majority Majority
Adopters THE CHASM (35%) (35%) (15%)
(12.5%)
Source: Faiers & Neame (2006, p. 1799)
In Northamptonshire households, Faiers & Neame (2006) surveyed 43 early adopters of 
solar PV and solar thermal, and 350 adopters of alternative energy efficiency interventions 
(who had not adopted solar power). The latter were treated as members of the ‘early 
majority’, who had been sufficiently pragmatic to adopt market-mature energy saving 
measures such as loft and cavity wali insuiation in their homes. Of 23 user-defined 
characteristics of solar systems^\ the early adopters surveyed only viewed one negatively:
The 23 user-defined solar system attributes correspond to a combination of four of the five principle 
characteristics of innovations according to diffusion theory (Faiers & Neame, 2006):
• Relative advantage (18 of 23) - how an innovation compares against alternative products;
• Compatibility (11 of 23) -  with adopter values, attitudes and behaviour;
• Observability (4 of 23)- to what extent is the new product visible to potential adopters?
• Triaiability (0 of 23)- how easy /  costly is it for potential adopters to trial an innovation?
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the length of payback (cost). In contrast, the 350 designated members of the ‘early majority’ 
viewed 13 of 23 solar system attributes positively, far fewer than early adopters (19 of 23). 
Moreover, of 18 attributes relating to the relative advantage of solar systems over alternative 
energy production technologies, the ‘early majority’ group viewed only 10 positively. The 
‘early majority’ group not only viewed the payback period negatively, but also grant 
availability, attractiveness and affordability of systems. As expected, they returned ‘do not 
know’ to aspects of system practicalities and operation, such as installation and 
maintenance. Faiers & Neame (2006) suggest that these negatively or ambiguously-viewed 
attributes are limiting adoption amongst the early majority, and therefore creating an 
adoption ‘chasm’ as described by Moore (1999).
Research has shown that private households may not purchase energy efficiency measures, 
such as cavity wall insulation, even where they can receive payback in several years (Sauter 
& Watson, 2007). This is partly because people do not act in rational, economic ways, 
considering the full cost benefit of their actions over different timescales. It is also partly due 
to a lack of information and knowledge of the full cost-benefit of innovative ecological 
products, and lack of trust in immature markets and inexperienced installers, especially 
where non-accredited. Based on personal communication with UK installers, Candelise et al.
(2010) suggested that most householders decided to install solar PV for ideological 
(presumably environmental) reasons, although the exact nature of the ideology behind their 
motives is not stated.
Focus group research by Element Energy (2008a&b) indicates that the most important 
factors influencing consumer purchasing decisions for heating systems are up front and 
ongoing costs. Consumers also consider reliability, the extent to which a single system can 
meet all household energy requirements, the hassle factor in operating the system (e.g. can 
it be left to run automatically?), aesthetics, noise and space. Reducing CO2 emissions and 
other environmental benefits are not seen as a priority by most householders, with CO2 rated 
as the lowest of a range of possible priorities.
Techno-economic drivers and barriers have been reviewed for each type of microgeneration 
technology by Staffell et al. (2010) and Element Energy (2008b). These are summarised in 
Table 7. Some general considerations apply across microgeneration technology types. For 
example, with respect to microgeneration heating systems, it is estimated that 88% of homes 
in the UK are connected to mains gas. Mains gas connection is very popular amongst 
householders as it is a relatively inexpensive and convenient source of heating. Off gas grid 
homes would, however, need to pay high costs to connect to a gas supply. Most UK homes 
use hot water radiator central heating rather than underfloor heating (which is in widespread 
use in Sweden) (Element Energy, 2008b). This has significance for heat pumps in particular 
which perform better in tandem with underfloor heating or with larger radiators installed 
(Staffell et al., 2010).
Complexity(4 of 23) -  how hard is it to comprehend the operation /  benefit of the innovation?
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Element Energy (2008b) conducted a survey of 110 early adopters of microgeneration in the 
UK (Energy Saving Trust grant recipients), 80 of whom were householders and 30 
community projects. This survey found that a greater proportion of these adopters were off 
the gas grid compared to the national average, and that most space heating microgenerators 
were installed in off-gas grid homes. Levels of homeowner satisfaction with existing heating 
systems are high, and generally, homeowners do not see replacing them as a high priority. 
However, homeowners have exhibited higher levels of dissatisfaction with non-gas heating 
systems: in some cases homeowners feel their non-gas systems are more expensive to run, 
or have reported LPG (Liquid Petroleum Gas) and electric heating failing to provide enough 
hot water (Element Energy, 2008a&b).
Surveys have consistently shown that most of the public regard renewable energy 
technologies favourably. Generally speaking, consumers suggest that they are prepared to 
pay more for electricity from renewable energy, especially where such technology helps to 
limit climate change or improve security of supply (Upham, et al., 2009). Focus group 
research by Element Energy (2008a&b) shows that consumers know very little about heat 
pumps, combined heat and power or biomass (wood-fuelled) boilers.
Most microgeneration technologies do not require planning permission and are 'permitted 
development' following changes to permitted development rights for renewable technologies, 
implemented on 6th April 2008 in England. Permitted development does not apply to Listed 
Buildings (EST, 2009b).
Adoption is also influenced by propagation of ideas within a community. It has been 
observed that neighbours in private households may discuss the pros and cons of installing 
visible environmental technologies, such as solar water heating, and therefore adopters of 
this technology are often grouped in geographical clusters (Roy et al., 2007). The installation 
of microgeneration in community buildings, such as leisure centres and schools, can 
educate and inform communities about microgeneration and energy consumption. 
Additionally, it may lead to further independent actions by residents in their homes, including 
domestic uptake of microgenerators (BIS, 2006).
Table 7 Comparison of microgeneration technologies: Summary of key techno- 
economic drivers and barriers to uptake
1. Solar PV
Utilizes semiconductors which convert sunlight directly into electricity. They are often, but not 
always, made of silicon. Staffell et al. (2010) makes a distinction between first generation 
glass- coated panels and second generation thin films. Other than orientation, roof angle, 
and solar radiation, output is affected by shading (e.g. nearby trees / satellite dishes). Their 
current installation cost is £10,000 - 13,000 (Retrofit) and £8000 -11,000 (New build). Thin 
films can be twice as expensive. Their expected lifetime is 25 + years (Staffell et al., 2010).
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2. Micro-wind
Experiences low public confidence due to poor performance in urban areas. Two 
independent UK field trials found that some urban micro-turbines were even a net consumer 
of electricity, and output was further lowered by turbine failure and noise complaints. 
Generally advised not to install micro-wind turbines at all in urban areas, although some 
more exposed rural locations may permit minimum required wind speeds. The more rural 
and exposed the location the better (Staffell et al., 2010).
3. Solar hot water
There are two main types:
1. Flat plate collectors: solar heat is absorbed by a flat, metallic surface with a intermittent 
black coating, and collected by a liquid flowing through pipes connected to the plate.
2. Evacuated tubes: glass tubes are selectively coated with a heat absorber. They have a 
higher efficiency than flat plate collectors, but are more expensive.
Solar hot water can provide up to 50-70% of household hot water needs if installed and 
operated correctly. Their current installation cost is £2,000 -  £8,000. Installation is much 
simpler and half as expensive in new builds compared to retrofits. They should last 30 years 
or more with very little maintenance (Staffell et al., 2010).
4. Air source heat pumps (ASHPs)
Heat pumps move heat from a low-temperature source and compress or ‘pump’ it to a higher 
temperature ‘sink’ for central heating or hot water provision. They work like a fridge on a 
larger scale -  a fridge keeps the interior cool by pumping heat to the elements at the back. 
An electrical pump is typically used.
Most residential air source heat pumps (ASHPs) are located just outside the house, so some 
garden space is required. An electric fan draws air into the external unit and supplies it to the 
heat pump. Below 7°C, ice may form on the external unit as the air is drawn into it and 
cooled -  so heat may be supplied from the house to defrost the ice. However, this lowers 
efficiency of ASHPs versus GSHPs (Energy Saving Trust, 2010). Efficiency is also lower in 
ASHPs due to more variable air temperature compared to ground temperatures. The current 
installation cost of ASHPs is £2,000-7,000 (Lower than GSHPs as they have no ground 
loop). Their expected lifetime is 15-25 years (Staffell et al., 2010).
5. Ground source heat pumps (GSHPs)
GSHPs work on the same basic principle as their air-source counterparts. They use loops to 
pump a fluid for transporting heat from the ground. A vertical ground loop or borehole is 
more practical for residential installations than a horizontal loop -  boreholes may be 15 to 
lOOmetres deep (Energy Saving Trust, 2010). Their current installation cost is £10,000 -
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£12,500 (Substantially less in new builds). Pumps have an expected lifetime of 15-25 years; 
and loops up to 50 years (Staffell et al., 2010).
6. Biomass boilers
Can either take the form of wood burning stoves for room space heating, or boilers linked to 
whole house hot water / central heating system. Typically wood fuel is used: Short Rotation 
Coppice or timber waste processed into logs, wood chips or pellets. Logs and wood chips 
require a large amount of storage space; even with pellets, storage space is required to 
reduce costs. Biomass boilers are most cost-effective and sustainable in off-grid, rural 
homes close to a local source of wood fuel. Refuelling (unless boilers are automatically 
pellet-fed) and cleaning is required on a regular basis (Staffell et al., 2010).
7. Micro-combined heat and power (Micro-CHP)
Micro-CHP converts natural gas from the grid into both heat and electricity. It is more 
efficient overall than top performing gas power plants. Micro-CHP can be generated from a 
variety of technologies, such as internal combustion gas engines, external combustion 
Stirling engines and fuel cells (Staffell et al., 2010). The latter two types are described below.
7.1. Stirling engines
Stirling engines generate much more heat than electricity. Their low electrical efficiencies 
reduce cost-effectiveness and CO2 savings, so they are best suited for retrofit houses with 
above-average heating demand. Commercially available Stirling engines include the 
Whispergen (Floor-mounted) and Baxi Ecogen (Wall-mounted). Their current installation 
cost is £3,000 although they are heavily subsidised in the UK -  the cost in Germany is 
£11,000). They have an expected lifetime of 10 years (Staffell et al., 2010).
7.2. Fuel cells
Fuel cells run on pure hydrogen and derive this from grid natural gas or liquid petroleum gas. 
The overall process is a direct conversion of hydrogen to electricity plus heat recovery. The 
greater ratio of electrical to heat output vs Stirling engines allows a more flexible response to 
household electrical demand. They have a greater running time in summer than Stirling 
engines due to lower heat output. Their current installation cost is £15,000+ (The most 
expensive form of micro-CHP currently, but could reduce to £5,000 in 10 years). They have 
an expected lifetime of up to 10 years (Staffell et al., 2010).
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2.2.3 Transitions pathways and learning curves
Due to carbon-lock in, whereby today’s dominant energy technologies are complemented by 
institutions, business routines and individual behaviour which reinforce their dominance, 
there is a need for ‘niche markets’ in which emerging energy technologies can benefit from 
social learning. An example is household users of microgeneration engaging with the 
technology in order to optimise its performance and maintain it, and maximise earnings from 
Feed-ln Tariffs for solar PV. Feed-ln Tariffs introduced by the UK government in April 2010 
and the Renewable Heat Incentive are intended to boost learning and experience in 
microgeneration niche markets. This may take the form of new businesses entering these 
early-stage, specialised markets, expansion of skills and training and R&D activities (Foxon, 
2010). It has been argued that Feed-ln Tariffs are the quickest and most cost-effective way 
of deploying renewable energy because they create medium-term certainty for investors, 
lower capital costs and increase market confidence (Candelise et al., 2010). In theory at 
least, under a Feed-ln Tariff the number of microgeneration installations should not be 
limited by funding caps (Jardine, 2009). Previous financial instruments introduced to 
stimulate the growth of microgeneration had only a very limited impact (principally the Low 
Carbon Buildings Programme (LCBP), augmented by Renewable Obligation Certificates). 
This is because the LCBP offered only a limited budget of capital grants, which meant that 
the incentive for residential microgeneration installations ended as soon as the domestic 
phase of the LCBP was terminated in 2009 (Jardine, 2009). Substantial cuts to initially 
generous grants under the LCBP and the first come first served nature of the scheme, also 
created profound market uncertainty and a ‘boom and bust’ dynamic to industry activity 
(Praetorius et al., 2008; Jardine, 2009).
There are however significant concerns that generous Feed-ln Tariffs for solar PV are only 
beneficial to the low proportion of homeowners who can afford the high up-front costs of the 
technology (Jardine, 2009), while those who cannot, or do not own a home, pay greater 
electricity bills to subsidise the increased cost of supporting Feed-ln Tariffs. Frondel et al. 
(2008) and (RWI, 2009) contend that the German Feed-ln tariff scheme for low and zero- 
carbon electricity creates perverse subsidies by supporting technologies, such as solar PV 
and wind power, that would otherwise be far from market competitive. The extra costs of 
supporting these technologies are borne by industrial and private consumers, while solar PV 
contributed just 0.4% of Germany’s total electricity production in 2007. This may be 
explained by the very low technical efficiencies of PV modules (between 10-20% in 
commercial available PV -  see MacKay, 2009 and Smith, 2010) and the poor operation of 
most solar PV cells in overcast conditions (Smith, 2010).
Research & Development (R&D) directed at new technologies, both in the public and private 
sectors, is crucial to achieving learning cost reductions through ‘learning by research’. It is 
thought that private sector R&D is disincentivised to some extent by the risk of innovations 
produced by one company being utilised for another company’s gain. Nevertheless, levels of 
investment in both public and private sector energy research in the UK have been increasing
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recently due to the imperative to limit carbon emissions and replace ageing nuclear power 
stations and over-polluting coal power stations^^ within the next decade (Foxon, 2010).
Rip & Kemp (1998) articulate the multi-level perspective on technological transitions, which 
they describe as comprising three levels: landscape, regime and niche. A technological 
regime exists where engineers and businesses have similar routines in common (Geels, 
2002):
‘A technological regime is the rule-set or grammar embedded in a complex of engineering 
practices, production process technologies, product characteristics, skills and procedures, 
ways of handling relevant artefacts and persons, ways of defining problems; all of them 
embedded in institutions and infrastructures’ (Rip & Kemp, 1998, p.340).
Technological regimes are situated within a broader socio-technical landscape, which is an 
external context of factors such as oil prices, economic growth, political conditions, cultural 
and normative values, and environmental problems such as climate change (Geels, 2002).
Traditional schools of thought with respect to technological transitions hold that only 
incremental innovations can usually occur in regimes, while radical innovations are produced 
in market niches (Geels, 2002). Market niches are supported in such a way as to protect 
them from general market forces, through subsidies or tariffs for example. Geels & Schot 
(2007) state that ‘niche-innovations are carried and developed by small networks of 
dedicated actors, often outsiders or fringe actors.’ Niches are weakly structured:
‘Social networks are small and precarious, with actors entering and leaving. Economic 
structures and markets are not well developed. Cognitive structures are not well articulated, 
indicated by disagreements about design specifications, user preferences and regulations.’ 
Geels & Schott (2007, p.403).
The concept of niche market support for low carbon energy generation is a core element of 
ongoing work setting out alternative transitions pathways for the UK (Foxon et al., 2008; 
Foxon et al., 2010). A key question is how learning actually takes place within such niches. 
Technological innovation systems theory proposes networks of knowledge and information 
exchange, through which actors, such as microgeneration installation businesses, can ‘learn 
by interacting’ with other actors in their market niche, e.g. different installation companies, 
product manufacturers and suppliers, policy-makers, regulators and customers. Informal 
networking may occur through trade associations, or knowledge may be exchanged through 
market transactions (Foxon et al., 2008). Three transitions pathways for the UK energy 
system to 2050 have been proposed through this work, the most decentralised of which, 
‘Thousand Flowers’, sets out a vision of microgeneration deployment through micro-grids 
and energy service companies led by local authorities and grass roots environmental 
movements such as ‘Transition Towns’ (Foxon et al., 2010).
^^Many coal-power stations will dose as they are deemed not to meet European standards for iocai 
pollution from their emissions.
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Early actors who have represented the UK microgeneration industry since the 1970s include 
the British Wind Energy Association (BWEA) and the Solar Trade Association (STA). In the 
last decade, field trials of microgeneration performance have been run by the Energy Saving 
Trust and the Carbon Trust (Praetorius, et al., 2010). Despite the UK government 
Microgeneration Strategy in 2006 (BIS, 2006), and a succession of government reports on 
the potential for microgeneration in the UK, most uptake has only occurred in the last few 
years (see Table 6).
The niche is important as a concept here because residential microgeneration is an 
emerging market, and this thesis sets out to judge its success. From a transitions theory 
perspective, how successful have installer businesses been in contributing to the transition 
to a low carbon economy?
According to the multi-level perspective, transitions happen through a combination of 
learning and price-performance improvements within niches, pressure exerted on the regime 
from the landscape level, and opportunities for breakthrough of niche-innovations if the 
regime becomes destabilised (Geels & Scott, 2007).
It has been estimated that the cost-effective ness of microgeneration technologies such as 
solar PV and stationary fuel cell micro-CHP is subject to a learning rate of around 20%, 
meaning that unit costs decline by 20% with a doubling of the total deployment of these 
technologies through such learning and experience effects as ‘learning by doing’ and 
‘learning by using’. At this rate, solar PV would not become cost-competitive with fossil-fuel 
electricity production until at least 2040. Learning rates are nevertheless subject to much 
uncertainty, for example, due to recent advances in the efficiency or new applications of PV, 
or the early stage deployment of stationary fuel cell micro-CHP (Foxon, 2010). In Germany 
in 2005 and 2006, production costs declined by between 12% and 15% with each doubling 
of production, but PV module costs did not reduce, as demand exceeded supply (Frondel, 
et al., 2008).
However, earlier understandings of the multi-level perspective tended to over-emphasise the 
importance of the niche-level as an agent of change (Geels, 2002; Geels & Schot, 2007). 
Transition pathways can evolve in a variety of ways depending upon landscape pressures 
on the regime. At the same time, change depends on the extent to which a niche is 
developed. Geels & Schot (2007) set out four example pathways, plus a fifth composite 
pathway which involves a sequence of the first four pathways (Table 8). The authors 
consider that these alternative pathways offer more potential to be applied to empirical data 
than the basic, traditional model of the multi-level perspective. It is therefore proposed that 
the results of this thesis can be contextualized in terms of relevant aspects of these 
transition pathways.
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Table 8 Typology of transition pathways (Geels & Schott, 2007)
Transition Description (From Geels & Examples
pathway Schott, 2007)
0 .
Reproduction
process
‘If there is no external landscape 
pressure ... then the regime 
remains dynamically stable and 
will reproduce itself. Radical niche- 
innovations may be present, but 
have little chance to break through 
as long as the regime is 
dynamically stable.’ (p. 406)
Current fossil-fuel based economy.
1.
Transformation
path
‘If there is moderate landscape 
pressure (‘disruptive change’) at a 
moment when niche-innovations 
have not yet been sufficiently 
developed, then regime actors will 
respond by modifying tfie direction 
of development paths and 
innovation activities ... Niche 
innovations cannot take advantage 
of landscape pressure on the 
regime, because they are not 
sufficiently developed. (p.406)
Netherlands: transition from 
cesspools to sewer systems (1893 -  
1914). In the 1890s, cleanliness 
became widely valued as a societal 
necessity. This facilitated the 
development of sewer systems, 
which were not technically disruptive 
and only required some modest 
innovations to be combined with 
existing civil engineering techniques.
2. De­
alignment and 
re-alignment 
path
‘If landscape change is divergent, 
large and sudden (‘avalanche 
change’), then increasing regime 
problems may cause regime actors 
to lose faith. This leads to de­
alignment and erosion of the 
regime. If niche-innovations are 
not sufficiently developed, then 
there is no clear substitute. This 
creates space for the emergence 
of muitipie niche-innovations that 
co-exist and compete for attention 
and resources. Eventually, one 
niche-innovation becomes
America: transition from horse-drawn 
carriages to automobiles for urban 
transport (1880s -  1920s). In the 
1890s, electric trams, bicycles, 
gasoline cars and steam 
automobiles co-existed as niche- 
innovations. Although electric trams 
at first became dominant, they were 
quickly out-competed by the gasoline 
car, aided by Ford’s mass production 
system and the resulting reduction in 
car prices, and new, supportive 
institutions such as fast-food 
restaurants and shopping malls
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dominant, forming the core for re­
alignment of a new regime.’ 
(p.408)
located on city peripheries.
3.
Technological
substitution
‘If there is much landscape 
pressure (‘specific shock’, 
‘avalanche change’, ’disruptive 
change’) at a moment when niche- 
innovations have developed 
sufficiently, the latter will break 
through and replace the existing 
regime. This pathway assumes 
that radical innovations have 
developed in niches, but remain 
stuck because the regime is stable 
and entrenched.’ (p.409)
Britain: transition from sailing ships 
to steamships from 1870 to 1890, 
outlined in detail by Geels (2002). 
Steamships only previously existed 
for limited applications such as tugs 
for large sailing ships, but the British 
government began to subsidise a 
niche market for mail steamers in 
1838. Initially steamships were more 
expensive, but were faster while 
sailing ships had less reliable arrival 
times. The subsidized market niche 
helped to promote learning by 
creating a community of competent 
steamship builders. Following the 
opening of the Suez Canal in 1869, 
steamships outcompeted sailing 
ships between 1870 and 1890.
4.
Reconfiguration
pathway
‘Symbiotic innovations, which 
developed in niches, are initially 
adopted in the regime to solve 
local problems. They subsequently 
trigger further adjustments in the 
basic architecture of the regime.; 
(p. 411)
America: transition from traditional 
factories to mass production (Late 
19*^  / early 20‘  ^Century).
5. Sequence of
transition
pathways
‘If landscape pressure takes the 
form of ‘disruptive change’, a 
sequence of transition pathways is 
likely, beginning with 
transformation, then leading to 
reconfiguration, and possibly 
followed by substitution or de­
alignment and re-alignment.’ 
(p.413)
Climate change in the future?
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2.2.4 Market entry and business evolution
To understand installer business models, it is important to know how they have come about 
in the first place. Pickering & Cockerill (1984) examine the conditions governing the evolution 
of small businesses in the context of industrial decline assisted by the bureaucratic 
management of large companies averse to change. Small firms offered a more flexible and 
entrepreneurial alternative, better suited to bringing about the development of new 
technologies to replace the decline of traditional manufacturing industries. There may be 
some analogies to the present context if there is to be a transformation from the current 
centralised energy supply model to a more local and decentralised system of energy 
generation and service provision.
There are a variety of drivers for the creation of small businesses (Littler et al., 1984):
• Independence - from the desire of one person or a group of people to independently 
utilise their training and skills.
• Economic necessity -  e.g. following redundancy and the need to find new
employment and preference of an individual to have more control of their destiny.
• Technological pull -  employees of existing organisations are aware of a market
opportunity and would like to pursue it independently. This might be driven by 
problems with getting agreement to the development a new idea or pursuit of a 
technological opportunity in a large company. Additionally, desire for independence 
may be combined with the discovery of a new concept which inspires the creation of 
a small business, e.g. electronics.
• Large businesses may hive-off a specific activity, where the large company
purchases the activity and runs it as a separate business.
Small businesses are subject to a range of advantages compared to large companies 
(Pickering & Cockerill, 1984). They are often controlled and principally owned by one or two 
people. The chief executive may frequently have set up the business originally, and decision 
making is typically quick and flexible given the level of control of the owner-manager -  unlike 
in a large company, decisions do not have to be referred to the management board. Given 
local ownership, they may offer potential for greater involvement and investment in their local 
community. Disadvantages of small businesses compared to large companies may include: 
over-dependency on one or a few key individuals to ensure ongoing success; relatively poor 
market shares, buying and marketing power; high failure rates and potentially short lifetimes 
limited to a decade or less in around half of small businesses.
Taking an evolutionary perspective, Holzl (2005) views the firm as an interdependent 
architecture of organisational ‘routines’ which combine with the personal skills of staff to 
create the knowledge capacity and productive potential of a business at a given point of
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time. Routines are pre-meditated and require that certain tasks are performed by staff if 
specific conditions are met. They are based on the accumulation of previous learning 
encapsulated in the knowledge of the firm and represent a mechanism through which it may 
be possible to measure the extent of ‘learning by doing’ as mentioned above. However, a 
routine-based model of businesses implies that it is difficult for a business to change its core 
design in response to market selection or other external pressures. This is because core 
routines affect the performance of many subsidiary routines implemented by the business, 
and changing core routines which make the business successful represents a high risk 
strategy, particularly in larger businesses where the routine architecture is more complex 
and extensive. Carroll & Hannon (2000) have empirically demonstrated that altering core 
routines reduces business lifespans. The implication is that new and small businesses are 
best placed to spearhead innovative products or services, or radical business designs. This 
supports the research expectation in this thesis that the numerous microgeneration installer 
businesses are relatively novel and small enterprises.
The existing literature says little about the size of microgeneration installation businesses. In 
2006, most of the companies which installed 1.6 million boilers in the UK were small 
companies and sole traders, although 400,000 boilers were installed by medium and large 
businesses (Element Energy, 2008b). Given that there 1,200 certified microgeneration 
installation businesses in late October 2010, and 4,329 on 11 February 2013, it is assumed 
that they are most likely to be small and medium-sized enterprises. This compares to more 
than 10,000 companies in Germany, including at least 130 solar module producers, as well 
as installers and suppliers, counted by the German Solar Energy Society (Praetorius et al., 
2010). A small business may range from a single proprietor through to e.g. engineering 
workshops with many employees across a variety of skills (Pickering & Cockerill, 1984). Step 
Ahead Research (2008) define ‘small and medium enterprises’ as having less than 250 
employees for research on businesses in South East England. This is consistent with the EU 
definition, used by the Office for National Statistics: a small enterprise has less than 50 
employees, and a medium enterprise between 50 and 249. Micro-enterprises have less than 
10 employees (ONS, 2008).
Table 9 shows the number of installers accredited through the Microgeneration Certification 
Scheme (MCS) by technology, and the change from 2009 to 2013. It is important to note that 
any installation business may become certified to install more than one technology. In 2011 
and 2012, there were around 4,000 solar PV installers, but this declined to 3,140 in 2013 
following the reductions to the Feed-ln Tariff for residential solar (see Figure 1). While over 
2,800 PV installers joined the MCS in 2011, 886 left the scheme in 2012, which was almost 
as much as the number of PV installers joining the scheme in that year. This would seem to 
be strongly associated with the halving of the residential solar PV tariff from April 2012, since 
only 85 and 80 PV installers deregistered from the MCS in 2011 and 2013 respectively. The 
number of installers for each technology to some extent reflects the distribution of 
installations by technology type (Table 6), with respect to which microgeneration 
technologies are most prominent: solar PV, solar thermal, air source heat pumps and ground
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source heat pumps. However, while the number of solar PV installers in 2011 was between 
three and four times greater than the number of solar thermal or air source heat pump 
installers, over 200,000 solar PV installations were fitted through the MCS in the same year 
(Table 6). This equates to approximately 50 solar PV systems installed per business in 2011. 
The patterns and trends shown in Table 9 suggest that the introduction of the Feed-in Tariffs 
was a driving force behind the explosion in the number of solar PV installers, while the 
growth in installers of other technologies have been stimulated by expectation of similar 
financial incentives, specifically the Renewable Heat Incentive for residential buildings, and 
also constrained by market uncertainty concerning ongoing delays to the introduction of 
these schemes. The number of installers leaving the MCS across all technology types in 
2012 also suggests that the impact of the Feed-ln Tariff halving may have affected market 
confidence beyond just solar PV.
Figures 3-5 chart MCS data showing monthly rates of businesses joining and leaving the 
scheme, and the cumulative number of installers, by technology type. This secondary 
analysis is restricted to solar PV, solar thermal and air source heat pumps, because these 
are considered sufficient to provide an illustrative example across the microgeneration 
technologies addressed in this thesis. The absolute peak of solar PV installers joining the 
MCS was in November 2011, when 528 businesses became accredited for fitting PV through 
the scheme (Figure 3). This was immediately prior to the Government’s initial 12 December 
deadline for the halving of the residential PV Feed-ln Tariff. The number of solar PV 
installers leaving the scheme has exceeded the number joining the scheme in all months 
from August 2012 to November 2013. In November 2012, March 2013 and May 2013, over 
200 PV installers deregistered, while less than 50 became newly registered for PV 
installation. By contrast, from January 2010 to November 2011, the number of PV installers 
deregistering from the MCS was no greater than 13 in any single month. The key 
characteristics of solar PV installer entry to and departure from the scheme can be described 
as twofold: a steady-state, progressively growing rate of market entry, at least under the first 
year and eight months of the Feed-ln Tariff scheme, followed by late market entry driven by 
proximity to deadlines for reductions in this financial incentive.
Air source heat pump and solar thermal certifications exhibit some contrasting trends to 
those for solar PV (Figures 4 & 5). Nevertheless, as with solar PV, the number of installers 
leaving the MCS for both technologies peaked in March 2013 and May 2013. The peak of 
new certification activity for both air source heat pumps and solar thermal installers occurred 
in July 2010. This may be due to anticipation that a Renewable Heat Incentive would be 
introduced for microgeneration heat technologies fitted in homes -  as planned, originally, for 
March 2011. The certification rates for both these technologies is much lower than for solar 
PV: at peak, 77 solar thermal installers and 54 air source heat pump installers joined the 
scheme in July 2010. And new certifications per month have been in steady decline since, 
down to less than 20 in most months since April 2013. It is probable that this is due to the 
decreasing market confidence and uncertainty following unpredictable management of the 
Feed-ln Tariff by the Government, and continuing delays to the introduction of the
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Renewable Heat Incentive residential scheme. The cumulative number of installers 
becoming registered for air source heat pumps and solar thermal rose suddenly in 
September 2013, although it is unclear whether this is an artefact of a new method of 
compiling the MCS statistics, as it does not appear to reflect the balance of installers 
registering and de-registering for these technologies. Nevertheless, as the cumulative total 
can also include already MCS-registered businesses that are expanding their portfolio to 
new technologies, a recent rising trend for air source heat pumps and solar thermal could 
have been caused by anticipation that the residential Renewable Heat Incentive scheme 
might be introduced in early 2014 (DEGG, 2013b).
Table 9 Numbers of installers registered to the Microgeneration Certification Scheme 
by technology type, 2009 -  2013
2009 2010 2011 2012 2013
Cumulative solar PV 
installers
234 1,262 3,980 4,031 3,140
Joining the scheme 243 1056 2,803 937 30
Leaving the scheme 9 28 85 886 80
Cumulative biomass 
installers
63 133 200 237 266
Joining the scheme 71 79 80 62 11
Leaving the scheme 8 9 13 25 7
Cumulative air 
source heat pump 
installers
188 522 833 876 858
Joining the scheme 200 362 360 188 19
Leaving the scheme 12 28 49 145 23
Exhaust air heat 
pumps
178 377 523 549 560
Joining the scheme 189 226 185 129 15
Leaving the scheme 11 27 39 103 13
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Ground source heat 
pumps
185 452 710 742 719
Joining the scheme 197 294 300 153 15
Leaving the scheme 12 27 42 121 18
Micro hydro 0 20 28 28 28
Joining the scheme 0 20 8 0 0
Leaving the scheme 0 0 0 0 0
Micro CHP 4 15 19 18 15
Joining the scheme 4 11 5 5 0
Leaving the scheme 0 0 1 6 0
Solar thermal 259 732 1,183 1,217 1,074
Joining the scheme 285 533 522 256 14
Leaving the scheme 26 60 71 222 32
Small and Micro 
wind
74 132 161 143 128
Joining the scheme 79 69 45 16 0
Leaving the scheme 5 11 16 34 4
Total number of 
Installers
427 1,666 4,594 4,703 3,650
Number of installers 
joining the scheme
460 1,324 3,096 1,369 104
Number of installers 
leaving the scheme
33 85 168 1,260 177
Source: MCS (2013)
Notes for Table 8
The ‘Joining the scheme’ row appiies to instaiiers that became newiy MCS accredited and 
registered the specific technoiogy type, but it does not inciude existing MCS instaiiers which
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gained certification for an additionai technoiogy type. This means that an unknown number 
of instaiiers have been doubie-counted and the totai number of instaiiers is an overestimate. 
The 2013 figures do not inciude December 2013, whiie a new means of obtaining these 
statistics was appiied from September 2013 (MCS, 2013).
By cross-referencing different microgeneration technologies that businesses are certified to 
install, it is possible to build a picture of the extent to which installers fit more than one 
technology, and which types of microgeneration complement each other best from a 
business and skills perspective. Although 72% of solar thermal installers also fitted solar PV 
in February 2013 (Tables 10 & 11), only a quarter of solar PV installers were certified to fit 
solar thermal. This is probably a result of the dominance of solar PV compared to solar 
thermal, given active incentivisation from the Feed-ln Tariff. As noted above, most 
microgeneration installations in the UK until March 2010 were solar hot water systems. Solar 
PV and solar thermal share similar skills requirements (solar radiation calculations, roofing, 
working from heights), as noted by Bergman & Jardine (2009), but the lack of incentives 
currently for solar thermal may explain why far fewer solar PV installers fit solar thermal than 
vice versa. For Low Carbon Buildings Programme installations between May 2006 and May 
2008, half of the solar PV installers also installed solar thermal (Bergman & Jardine, 2009).
In February 2013, most installers accredited for air source heat pumps (ASHPs, 84%) also 
fitted ground source heat pumps (GSHPs), and virtually all GSHP installers (99.6%) fitted air 
source heat pumps. This is not surprising given the similarities in these technologies, and 
that they are essentially variants of the same core technology. The lower proportion for 
ASHP installers is perhaps due to them being cheaper and presenting a potentially wider 
appeal to homeowners as they require less space and fewer disruptions during installation.
Over 70% of heat pump and biomass installers also fitted solar thermal, which again is likely 
to be due to similarities in the skills required for putting in microgeneration heat technologies. 
Plumbing skills synergies exist between these technologies (Bergman & Jardine, 2009). But 
a lesser proportion of solar thermal installers fitted heat pumps (52% or 45%) or biomass 
(18%), reflecting the relative uptake, viability, and/or market maturity of these respective 
technologies. Less than a fifth of solar PV installers were also certified for ASHPs or GSHPs, 
given distinct differences in the skillsets needed for the installation of PV compared to heat 
pumps (particularly electrical versus plumbing).
In their analysis of residential microgeneration installers under the Low Carbon Buildings 
Programme (LCBP) from May 2006 -  May 2008, Bergman & Jardine (2009) found that 
around 200 different businesses fitted solar thermal in homes as part of the LCBP from 2006 
- 2008. While 38 put in only one system in that time, five companies installed more than 130 
systems. Some of these businesses were plumbers with some limited capacity to install 
solar thermal, while others were solar thermal specialists. Similarly, 19 of the 59 solar PV 
installers put in just 1 or 2 installations in this two year period, while three businesses fitted 
290 systems between them, more than a third of the total for solar PV.
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Table 10 Number of microgeneration installers which are certified to install two 
technologies at the same time, 14 February 2013
Technologies
installed Solar PV
Solar
thermal ASHPs GSHPs Biomass
Total
number of 
installers^
Solar PV X 933 570 473 165 3,618
Solar thermal 933 X 683 585 223 1,304
ASHPs 570 683 X 810 140 967
GSHPs 473 585 810 X 125 813
Biomass 165 223 140 125 X 316
Table 11 Number of microgeneration installers which are certified to install two 
technologies at the same time, 14 February 2013
% of total^ Solar PV Solarthermal ASHP GSHP Biomass
Total
number of 
installers^
Solar PV X 25.8% 15.8% 13.1% 4.6% 3,618
Solar thermal 71.5% X 52.4% 44.9% 17.1% 1,304
ASHP 58.9% 70.6% X 83.8% 14.5% 967
GSHP 58.2% 72.0% 99.6% X 15.4% 813
Biomass 52.2% 70.6% 44.3% 39.6% X 316
Notes for Tables 10 and 11 
Source: MCS (2013)
 ^ This is the totai number of businesses who instaii the technoiogy in a given row, and 
therefore not the sum of each row, because each ceii shows the convergence between 
businesses which instaii the same two technologies.
 ^Expressed as percentage of the totai number of businesses which instaii the technoiogy in 
a given row.
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Bergman & Jardine (2009) suggest that the extent to which installers specialized in just one 
technology was associated with the relative market maturity of that technology. 78% of solar 
thermal installers did not install other microgeneration technologies under the LCBP during 
these two years. The equivalent proportions for other technologies were; 76% for ground 
source heat pumps; 67% for biomass boilers; and 52% for solar PV. While less than a tenth 
of solar thermal installers put in another technology type, between a quarter and a third of 
GSHP, biomass or solar PV installers also fitted the most mature microgeneration 
technology at that time, solar thermal. The authors contend that these differences result 
because there is lower market risk in specialising in more mature technologies alone. The 
same principle would appear to apply to the latest analysis of installers and common 
technologies presented above, as exemplified by an inferred, high proportion of installers 
who only fit solar PV, or low proportions of installers of solar PV, solar thermal or heat 
pumps who fit biomass boilers.
Figure 3 Monthly number of solar PV installers joining and leaving the 
Microgeneration Certification Scheme, 2010 to 2013
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Figure 4 Monthly number of solar thermal installers joining and leaving the 
Microgeneration Certfication Scheme, 2010 to 2013
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Figure 5 Monthly number of air source heat pump installers joining and leaving the 
Micorgeneration Certification Scheme, 2010 to 2013
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2.2.5 Relative contribution of installer business models to the rate of residential 
microqeneration uptake
Definitions of business models or indeed the very use of terms to describe them (e.g. 
business designs, strategies) vary widely (Morris et al., 2005; Zott et al., 2011), ranging from 
those based on the sole logic of profit generation to more strategic understandings of 
interrelated systems extending beyond company boundaries and enabling the creation of 
sustainable competitive advantage (Morris et al., 2005). An example of the latter is 
Slywotzsky (1996, p.4), who states that ‘a business design is the totality of how a company 
selects its customers, defines and differentiates its offerings, defines the tasks it will perform 
itself and those it will outsource, configures its resources, goes to market, creates utility for 
customers, and captures profit’. Similarly, Zott & Amit (2010, p.216) define a business model 
as ‘a system of interdependent activities that transcends the focal firm and spans it 
boundaries’, building on the authors’ earlier definition: ‘the content, structure, and 
governance of transactions designed so as to create value through the exploitation of 
business opportunities’ (Amit & Zott, 2001, p.511).
These definitions create the potential for measurement of how business models vary 
amongst microgeneration installation companies, for example, with respect to identification 
of their customer base, the extent of sub-contracting and differences in products and 
marketing strategies between the businesses. More specifically, lEA-RETD (2013) propose 
an overall definition of innovative business models designed to increase the uptake of 
renewable energy (including all forms of microgeneration studied in this thesis) or energy 
efficiency interventions in buildings. Such a business model comprises: ‘A strategy to invest 
in renewable energy technologies (and energy efficiency measures), which creates value 
and leads to an increased penetration of renewable energy technologies in the built 
environment.’ (IEA-RETD, 2013, p.xiii). Applying this definition, the IEA-RETD study reviews 
business models for renewable energy deployment with reference to the following countries: 
Canada, Denmark, France, Germany, Ireland, Japan, Netherlands, Norway, the United 
Kingdom, China and the United States. Of the business models that the IEA-RETD study 
identifies, two are of most relevance to this thesis: those based on energy supply contracting 
(ESCOs), and those which utilize Feed-ln Tariffs for renewable energy production. These 
two business models are discussed in greater detail in Section 2.2.6.
Morris et al. (2005) propose a framework for categorising business models, drawing on the 
various ways in which this general concept has previously been defined. According to their 
framework, intended to apply to companies generally, decision making is funnelled through 
three levels: ‘foundation’, ‘proprietary’ and ‘rules’. At the foundation level, the boundaries of 
the business are defined in the most basic way, i.e. what is the business? Decisions at the 
proprietary level are aimed at securing market advantage through the ways in which the 
business makes its product or service offerings unique from other businesses with identical 
or similar business designs at the foundation level. It is relatively straight forward to mimic a 
business model at the foundation level, but decisions at the proprietary level are designed to
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withstand such replication. Finally, decisions at these first two levels are implemented 
through ‘rules’, defined as guiding principles for day-to-day business operations.
This framework sets out that there are six basic areas in which decisions are made at each 
of the three levels:
1. How the business creates value (e.g. product / service offerings; internal 
manufacturing or service delivery / outsourcing);
2. Who the business creates value for (e.g. local / regional / national / international; 
position in product supply chain; niche market?);
3. Source of business competence (e.g. technology / R&D / marketing);
4. Competitive positioning (e.g. in terms of product or service quality / low cost / 
strong customer relationship);
5. How the business makes profits (e.g. higher or lower volumes / higher or lower
margins);
6. Growth and time ambitions and business investment model (e.g. subsistence / 
income / growth / speculative).
The evaluation of research findings will attempt to differentiate microgeneration installers 
according to how they vary across these six areas, recognizing that the research design 
does not specifically aim to measure business characteristics against these concepts 
explicitly. Nevertheless, it should be recognized that Morris et al. (2005) have developed this 
framework as a synthesis of previous understanding of business model concept, while Zott 
et al. (2011) contend that actually the many diverse definitions of business models do not 
overlap, or cannot be combined. In their review of business model literature, Zott et al.
(2011) found that business models have been linked to innovation and technology 
management (this has potential connections to diffusion of innvoations theory, discussed in 
Section 2.2.1. Alternative perspectives from this literature propose business models either as 
a means of commercialising innovative technologies, or as components of the innovation 
process itself (Zott et al., 2011). While business models may influence technological 
innovations, they may also be shaped by them. In this context, Teece (2010) envisages the 
business model as the link between a company’s resources and its market -  offering 
technologies or innovative products to customers based on the way in which a business 
creates value for those customers.
It is expected that microgeneration installation businesses are mainly speculative in nature, 
given relatively low levels of uptake and uncertainty over long-term government commitment 
to less mature or emerging technologies. The introduction of Feed-ln Tariffs in April 2010 
may have shifted the nature of installation business concerns from the prospect of 
redundancies to how market growth can be maximised. For example, in 2005, one
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installation business representative complained with reference to the proposed Low Carbon 
Buildings Programme:
“ I see the industry now collapsing, I see my laying off the people that we’ve employed and I 
see a complete waste of opportunity” (Keirstead, 2007, p.2272)
The responses of installation businesses to the 2009 consultation on the Feed-ln Tariff show 
a marked contrast, with lobbying shifting from fears of imminent collapse to complaining that 
the tariff/s offered are not high enough to fully stimulate the microgeneration technology/ies 
installed by the company responding to the consultation. A number of these businesses 
were quoting from the same text, which indicates that they were using identical industry 
association lobbying material. One installation business complained that a lack of grants or 
cheap loans to cover the up front costs of microgeneration would damage the effectiveness 
of Feed-ln Tariffs and threaten the expansion of microgeneration installation companies:
'We are waiting to be able to create new jobs ...” (Ecovolt, 2009)
The proposed methodology, particularly through the web survey, will attempt to measure the 
relative performance of business models in delivering the uptake of residential 
microgeneration. This will require matching survey data on uptake variables (e.g. number 
and capacity of installations) with survey data on business model elements.
Further to this, the research will attempt to ascertain whether installation business models 
vary across different regions (e.g. are they aimed at a different suite of technologies 
depending on the region in which systems are installed?), and energy service contracts as a 
component or even core driver of installation business models. It would be useful to 
determine whether there is a distinction between businesses with a nationwide-service, and 
more locally / community-orientated installation companies. This would help to establish 
whether locally-focused business models are viable, which is of interest where such 
businesses are better placed to respond to the specific needs of local residents.
Element Energy (2008a & b) found no significant regional differences across England in the 
influences of residential decision makers on the uptake of microgeneration. However, data 
from the Low Carbon Buildings Programme grants scheme for household uptake of 
microgeneration and Feed-in Tariffs (Figures 6-8) show that in general, rates of uptake 
increase with higher levels of gross disposable household income at a regional level. London 
is revealed as a notable outlier in both sets of data, with the highest income yet the lowest 
uptake. There are also differences in which technologies are taken up by region, so that 
London is almost exclusively limited to solar PV and solar thermal, yet these technologies 
are less prominent in the northern regions. These regional disparities merit further 
investigation.
Low Carbon Building Programme grants were accessible from April 2006 to May 2010. The 
Energy Saving Trust made available grants of up to £2,500 per address, varying by 
technology, on a first come first served basis, to homeowners or property owners. A
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maximum of three different technologies on one building were allowed^^ (Bergman & 
Jardine, 2009; DECC, 2009c).
Of all the English regions, the South East and the South West received the highest grants 
through the Low Carbon Buildings Programme for residential installation of microgeneration 
technologies between April 2006 and December 2009 (Figure 6). Other than London, there 
is a positive relationship between household income and the number of grants per region. As 
grant numbers are closely associated with the number of new domestic microgeneration 
installations (Element Energy, 2008a), this suggests that in these three years, uptake of 
microgeneration was greater in higher income regions and with a move from northern to 
southern regions. Although it has the highest regional household income, London’s number 
of new grant installations is amongst the lowest, similar to that for the North West. London’s 
relatively low grant uptake cannot be explained by regional differences in funding availability 
(funding is nationally uniform), and may for example be explained by a higher proportion of 
flats, space constraints and a greater proportion of properties connected to the gas grid 
(Element Energy, 2008b).
Normalising for differences in the number of households and population of each region the 
South to North decline of microgeneration installation grants (with the exception of London) 
is further emphasised (Figure 7). The South West, rather than the South East, is the region 
with the highest concentration of grants per household. The South East still has the second 
highest concentration of grants, as well as the highest number of grants of all regions, 
demonstrating that the latter is not simply a product of the South East possessing the 
greatest regional population (8.2 million). Solar hot water, followed by solar PV, were by far 
the most common technology types fitted in all regions (Figure 8), but in London they 
comprise almost all installations. Bergman & Jardine (2009) suggest that London may lack 
the capacity for other microgeneration technologies. London residents have expressed 
concern with respect to space constraints for, and the aesthetics of, micro-wind turbines. 
Similar concerns rarely apply for micro-solar (Upham et al., 2009). In the three northern 
regions, ground source heat pumps and micro-wind turbines have experienced greater 
uptake than elsewhere.
The process for grant applications and approval was broken down into four stages:
1. The householder decided whether they wished to apply for a grant, following a site survey and quote 
from the installer;
2. The homeowner also needed to meet a range of other energy efficiency criteria, including full loft 
insulation, cavity wall insulation if applicable, low energy light bulbs in all fittings where practical, and a 
room thermostat and programme / timer for heating systems.
3. Grant approval was automatic, and the householder had 3 months to get a solar thermal system 
installed, 4 months for solar PV or micro-wind, and 6 months for a ground source heat pump or wood- 
fuelled boiler.
4. The grant was paid once the system had been installed (Bergman & Jardine, 2009).
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According to modelled data derived from the English Household Condition Survey (Element 
Energy, 2008b), 89% of dwellings in Great Britain are houses, while 11% are flats. London is 
a notable outlier, with 28% flats and 72% houses, the implication being that less space is 
available in London properties for microgeneration installations. Furthermore, London has no 
rural dwellings, with 56% of homes in urban areas versus 44% suburban homes. Both the 
South East and South West have 29% of their dwellings located in rural areas, above the 
Great Britain average (21%). The South West (23%) and South East (14%) are also above 
the Great Britain average (12%) for residents with no mains gas connection, whereas 
London is below the national average at 9%, the same as the East Midlands. Heat pumps 
are currently only cost-competitive when installed in off-gas grid properties.
Figure 6 English regional comparison of residential microgeneration grants 
committed per 10,000 households
Microgeneration installation grants committed under the Low Carbon Buildings Programme per 
10,000 households, April 2006 - December 2009
South W est South East East o f East W est Yorkshire North East London North W est England
England Midlands Midlands and Humber
Figure 7 English regional comparison of residential microgeneration grants 
committed by installed technology
Microgeneration installation grants committed by technology in England and its regions, April
2006 - December 2009
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Figure 8 Dependency of Solar PV Feed-ln Tariff Installations per Thousand Homes 
(1 April to 29 October, 2010) on Gross Disposable Household Income by region
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2.2.6 Energy Service Contracts and free solar PV
Sauter & Watson (2007) distinguish between three models for the deployment of 
microgeneration:
1. The ‘Plug and Play’ model, whereby householders pay for and own microgeneration 
unit, and can achieve a degree of independence from traditional, centralised energy;
2. The ‘Company Control’ model, equivalent to the ESCO model detailed above, where 
by owning ‘fleets of microgenerators’ companies can balance supply and demand 
rather than buy wholesale energy. These companies could be traditional energy 
utilities or other newly set up, or specialised businesses;
3. A ‘Community Microgrid’ formed by a partnership between consumers and a 
community energy company. Residents’ microgenerators are connected to a microgrid 
but they also have a responsibility to help balance supply and demand within the 
microgrid. They may also own shares in the community energy company as an 
incentive to take on this responsibility.
Walker (2008) suggests that the most common model of households paying for 
microgeneration units is flawed, most acutely so in low-income households. Walker (2008) 
and Watson et al. (2006) propose instead that private ‘Energy Service Companies’ pay for 
installations and be responsible for their operation. The householder would be the host and 
‘the company effectively has fleets of microgenerators as a substitute for central power 
generation.’
The main reason for client interest in an energy service contract is to cut the cost of 
supplying ‘useful energy streams’ and ‘final energy services’. The total costs of an energy 
service contract are the sum of production costs (e.g. fuel & electricity) and transaction 
costs (costs of organising / governing provision of energy streams and services). Overall, 
contracting should reduce total production costs but increase total transaction costs, while 
contract payments must be less than the total savings by the client. Savings in production 
costs are the critical factor in energy service contract success, so that contractors put in a 
great deal of time and effort in carrying out an on-site energy audit to estimate all potential 
savings (Sorrell, 2007).
A more recent review of business models for renewable energy deployment in the built 
environment (lEA-RETD, 2013) identifies businesses who sell microgeneration on the basis 
of the long term and predictable income of Feed-ln Tariffs that potential customers may earn 
directly. A risk of this strategy is windfall profits arising from declining costs of the 
technology, which may lead to political opposition. The level of Feed-ln Tariffs are 
dependent on government decision making, meaning that suppliers and installers are 
potentially exposed to uncertainty. A company may adopt an Energy Service Company type 
arrangement, providing microgeneration to homeowners for free or at minimal cost, which it
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funds by collecting the Feed-ln Tariffs itself. In the case of solar PV, IEA-RETD (2013) refer 
to this business model as ‘solar supply contracting.’
Figure 9 shows website publicity for free solar PV panels offered by a company called Isis 
Solar. This an example of an energy service company specifically aimed at a 
microgeneration technology, where the business own, supply and maintain the energy 
service to residential customers for free in return for earning Feed-ln Tariffs (FITs). 
Customers benefit from lower production costs through reduced electricity bills, and, 
theoretically, the incentive of the business to maximise generation (in order to maximise FIT 
earnings) through regular inspections and timely maintenance. Isis Solar are part of the 
Oxford Sustainable Group, but are not actually accredited through Microgeneration 
Certification Scheme (It is assumed they must sub-contract an accredited installer because 
this is required to earn the FITs).
Other free solar PV companies include HomeSun, who use an accredited installer (Eaga). A 
Shade Greener are rolling out free solar PV to selected regions to control demand, and on 
their website offer a postcode locater and interactive aerial image for potential customers to 
find their house and check roof orientation (Eligible roofs need to be south-facing, within a 
narrow range of orientations) (A Shade Greener, 2011).
There are a number of issues with these arrangements. For example, what happens if the 
free solar PV company goes bust? What are the resultant implications for property value 
when a house is sold within the lifetime of the solar system, providing it is retained on the 
property roof? Additionally, these companies are reliant on long term generous tariffs for 
solar PV.
Figure 9 Extract from Isis Solar website FAQ marketing free solar PV for homeowners
How does it work?
If you own a house with a clear south-facing roof that Is un-shaded you may be eligible for 
ISIS solar's offer of free solar power. ISIS solar will Install, operate and maintain a 3kW solar 
system on your roof. You can use all of the electricity It generates and never have to pay us 
anything.
How much will it cost?
ISIS own the system and there Is no charge to you ever. ISIS makes Its money from the 
Governments new Feed in Tariff. ’
How much will I save?
It depends on how much you currently pay and when you use electricity but we think £300 a 
year would be typical. Our consultants will be happy to provide you with a personalised quote.
Source: (Isis Solar, 2010)
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As energy service contracts are still in an early stage of application to residential 
microgeneration, there are important questions as to the overall economic viability of this 
alternative model. Another implication is the extent to which costs may be passed on to 
customers’ bills -  certainly if uptake remains restricted to a narrow range of eligible 
properties and selected locations.
Overall, it may be that a model of more direct company participation, such as the ESCO 
model, may be necessary to achieve mass-deployment of domestic microgeneration. High 
up front costs constrain the potential societal benefits of the householder paying for and 
owning microgeneration technologies, beyond their mere energy and carbon-saving 
potentials (Sustainable Consumption Roundtable, 2005). If one household on every street 
were to be involved in such a microgeneration deployment, it has been suggested that this 
could have a significant behavioural impact (Praseg, 2010).
Similar business models have developed outside of the UK. Since Feed-in Tariffs were 
introduced in Italy in 2006, banks have offered financial products for PV and third party 
companies can finance PV installations in an energy service contract arrangement 
(Candelise et al., 2010).
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Table 12 Expectations for Research Objective 1: To what extent have instailer 
businesses influenced rates of residential microgeneration uptake?
Research objective 1 : Sub-question Expectations
1.1. What are the factors governing market entry of 
microgeneration installer businesses?
Installers are likely to be speculative in nature, 
given early market technologies and niche 
demand.
1.2. How can the business models underpinning 
installers be characterised and how do they vary?
Similar to gas boiler installers, most 
businesses are likely to be small. Accordingly, 
most businesses are expected to still adopt the 
plug and play model of microgeneration 
uptake, whereby customers own systems fully 
and pay the whole retail price. Solar PV is 
likely to the most common choice of 
technology fitted, due to favourable feed-in 
tariffs from April 2010. A few installers are 
known to install solar PV for free, on the basis 
of ‘renting roofs’, owning the systems and 
making profits from feed-in tariff payments.
1.3. To what extent are different installer business 
models shaped by drivers and barriers to residential 
microgeneration uptake?
The lack of cost-competitiveness of 
microgeneration heat technologies compared 
to mains gas heating means that installers of 
microgeneration heat are more likely to target 
off-gas grid properties. Heat pumps are likely 
to be more commonly installed in new builds 
rather than retrofits. Free solar PV businesses 
are a response to the barrier of up-front costs 
of residential microgeneration.
1.4. To what extent do different installer business 
models shape drivers and barriers to residential 
microgeneration uptake?
Rates of microgeneration uptake are likely to 
depend on external factors driving the market, 
particularly government policy, market certainty 
and feed-in tariff rates.
Although free solar PV businesses have 
addressed the barrier of up-front costs for 
selected properties with favourable south, west 
or east-facing roofs, this model is not likely to 
be economic under progressively-reduced 
tariffs.
1.5. How does microgeneration installation activity 
vary geographically across different regions of the 
UK?
Installers may vary in terms of whether they fit 
microgeneration locally, regionally or 
nationally. If most installers are small many 
may lack the capacity to install nationally.
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2.3 Installer businesses and standards of residential microqeneration installations
One of the key problems for residential microgeneration customers is if more than one 
company is involved in different aspects of the instaliation process (e.g. surveying, electricai, 
plumbing etc.). Furthermore it is not known the extent to which microgeneration installation 
businesses design and manufacture the systems they instail, or even sell them to customers 
in the first piace. From the customer perspective, this means that responsibility for such 
products in the event of a fault following installation is often difficult to assign. Knowing 
where instaliation businesses sit within this complex web of sub-contracted services and 
within the product suppiy chain wouid help to establish how responsibility for installations 
can be rationalised.
Even though residential customers were the main source of income for microgeneration 
instaliation businesses in 2005, high retail prices of systems and low demand for 
microgeneration meant that they had to diversify their portfolios, for exampie through sub­
contracting a range of services from smalier businesses, instaiiing systems for commerciai 
as weii as residentiai buildings, or installing more than one type of microgeneration 
technoiogy (Keirstead, 2007). Given the continuing low uptake for most technologies, 
particuiarly in relation to the rapid growth of instailation businesses (see Tabie 3), it is difficult 
to see that these imperatives have changed much, particuiarly in the wake of the recession 
of 2008 and 2009.
A recent fieid trial monitored the performance of 29 air source heat pumps and 54 ground 
source heat pumps across the UK from 14 different manufacturers in a range of househoids 
over one year from November 2008 (Energy Saving Trust, 2010). These heat pumps pre­
dated the Microgeneration Certification Scheme, being instailed under its predecessor, the 
Clear Skies Programme. Many systems were instalied incorrectiy, e.g. not sizing systems to 
meet household heating demand:
‘Often there was no single contractor responsible for the installation, which might involve a 
ground works contractor, a plumber, a heat pump Installer and an electrician. This meant 
there was often no single point of responsibility or any liability for the eventual performance 
of the whole Installation.’ {Energy Saving Trust, 2010, p. 17).
it is essential to account for the thermal efficiency of buiidings when designing a 
microgeneration heat system for installation (Jardine, 2009).
The Microgeneration Certification Scheme was introduced particuiarly to ensure that 
installation businesses adhere to high standards in instaiiing microgeneration systems. 
However, these standards are not a comprehensive failsafe against systems being installed 
sub-optimally (e.g. solar PV or solar hot water panels on north-facing roofs, or heat pumps 
installed where building heat loads are insufficient).
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A study of the attitudes of directors and managers in smali and medium sized enterprises 
(less than 250 employees) across various business sectors in South East Engiand found 
that many business responses to ciimate change, e.g reducing waste or energy 
consumption, have been driven by the personal beliefs and views of directors, managers or 
employees (Step Ahead Research, 2008). While directors and managers of small and 
medium enterprises might believe in the future impact of climate change, they are less 
convinced of its relevance for their business today. The responses of these businesses 
tends to be smail scaie, and inhibited either by poor information or a sense of powerlessness 
over really being abie to respond to ciimate change effectively. Businesses operating in the 
microgeneration sector potentiaily take this to a new ievel, because they are potentially fully 
aimed at climate change mitigation.
Another issue in this research is the extent to which microgeneration installation businesses 
are actually contributing to cost effective ciimate change mitigation through their practices. 
The solar hot water installation industry has previousiy gained a reputation for widespread 
‘aggressive door-to-door ‘cowboy’ sales techniques’ (Jardine, 2004. In: Keirstead, 2007, 
p.2272). There is an absence of more recent empiricai evidence to show whether this 
situation has changed, and whether this also applies to other microgeneration technoiogies. 
The rapid growth of businesses instaiiing soiar PV associated with favourabie Feed-in Tariffs 
from Aprii 2010 until November 2011 (Figure 1), would suggest that pursuit of profit rather 
than climate and sociai ethics remains a primary motivation, it is suggested that economic 
transaction costs arise from two features of human behaviour: bounded rationaiity and 
opportunism (Sorrell, 2007):
• Bounded rationality -  individuals attempt to make rational decisions, but are 
constrained by cognitive capacity and incompiete information. They cannot foresee 
every eventuality, and therefore any contracts they enter into wiil be necessarily 
incomplete.
• Opportunism -  ‘The incomplete or distorted disclosure of information, especiaiiy to 
calcuiated efforts to mislead, distort, disguise, obfuscate or otherwise confuse’ 
(Wiliiamson, 1985, pp 47-48. in: Sorrell, 2007)
These concepts can be applied to the purchase of microgenerators from instaliation
businesses for residentiai use. Bounded rationaiity and incomplete information prevent 
contracts being comprehensiveiy audited, introducing an omnipresent risk that one party 
might behave opportunisticaliy, e.g. by claiming performance improvements reduce costs, 
when cost savings are the resuit of other factors.
For exampie, solar PV systems do not perform as well in ambient environmental conditions 
as they do in laboratory tests, because the ‘standard test conditions’ are not a realistic 
reflection of external environments, where site factors such as shading and direct and diffuse 
radiation vary considerabiy (Candeiise et ai, 2010). Poor design and instaiiation can aiso 
inhibit the optimal performance of any microgeneration system.
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Bergman & Jardine (2009) reported considerabie retaii price variations for equivaient 
microgeneration technologies, across biomass boilers, ground source heat pumps, solar hot 
water, solar PV and micro-wind. Furthermore, they found no evidence to support the notion 
that larger businesses charge less for installed systems, or that sole installers are more 
expensive. Such differences in profit margins between installers may to some extent be 
because these businesses act opportunisticaliy to exploit the bounded rationality of 
customers in their retail strategies. Other factors may come into play in the pricing of 
systems, however. For solar PV, amongst the cheapest modules were the dominant three 
brands at the time, Sanyo, Sharp and Kyocera, whiie niche modules such as glass laminates 
and roof tiles were 25% - 100% more expensive. For ground source heat pumps, whether 
installations use verticai or horizontai coils or site factors affect the expense of instailations, 
but even with identical products or identically-sized systems, some installers charged 
householders twice as much as other instailers.
In addition to the profit margins that they aim for, installers factor in a range of costs into their 
retail prices for microgeneration installations, and these can be split into module costs and 
balance of systems costs (Bergman & Jardine, 2009; Candelise et ai., 2010). For soiar PV, 
baiance of systems costs can vary substantiaiiy, because they incorporate iabour costs of 
commissioning, design and instaiiation, and aii those components and subsidiary structures 
other than the modules themselves, including mounting frames, cables and meters 
(Candelise et al., 2010). Jardine (2009) estimates that baiance of systems costs account for 
40% of the total installation cost. Tentative evidence in Candelise et al. (2010) suggests that 
installation and commissioning costs were significantiy higher than the more mature German 
market for solar PV before the introduction of the Feed-in Tariff in the UK in April 2010. It is 
likeiy that balance of system costs would have reduced with the huge expansion of the UK 
solar PV market since this time, as designers and instaliers become more experienced and 
with greater integration of PV systems. Simiiarly, Jardine (2009) distinguishes between the 
maturity of a technoiogy reiative to its installation industry, and notes that costs can reduce 
with greater competition between instailers and increased economies of scale.
Keirstead (2007) interviewed seven businesses in 2005 which instailed solar PV on 
residences. Together these businesses instalied seven out of every ten PV installations 
under the Major Deveiopment Programme (MDP), a predecessor to the Low Carbon 
Buiidings Programme. The MDP offered instaiiation grants and an accreditation scheme, 
with at least 60 installers registered by 2006. The programme and accreditation were 
welcomed by one of the seven interviewed instaiiation company representatives:
“[The grant] legitimizes a new technology, It reduces the cost so It makes It more affordable 
for people to do It and also It provides some quality assurance to people”. (Keirstead, 2007, 
p.2272).
The Microgeneration Certification Scheme (MCS) is an ongoing, third party quality 
assurance scheme that certifies microgeneration products and instaliers -  endorsed by 
DECC. Both products and installers must be MCS certified to receive Feed-in Tariffs (Also
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likely to be a requirement for Renewable Heat Incentive payments if introduced). Prospective 
instaliation businesses must apply to an accredited certification body (As of 20 October 
2010, there were 13 companies registered as certification bodies). To apply, applicant 
businesses must pay a start up fee of around £550 per technoiogy to a Certification Body + 
£100 annual fee) + £5 per installation to the MCS. Certified instaliation businesses are listed 
at http://www.microgenerationcertification.org (MCS, 2013j.
Both prospective and certified instaiiation businesses must adhere to the iatest 
Microgeneration Instaiiation Standards (both general requirements and standards for 
different microgeneration technoiogies). Prospective installation businesses undergo:
• an assessment of their office procedures, particuiarly ensuring adequate system 
design even if they are instaiiing a system designed by a client, and other forms of 
document control, e.g. logging compiaints;
• an on site assessment of a selected installation to demonstrate technical 
competence in accordance with the Microgeneration instaiiation Standards (MCS, 
201 Oj.
Ongoing Certification is implemented through an annual ‘surveillance’ visit -  simiiar to initiai 
assessment. An additional visit may be needed within 12 weeks - if a ‘significant number’ of 
non-conformities are raised or if there have been substantiated complaints against the 
business. A business may be suspended or removed from the Certification list if such issues 
prove irreconcilable (MCS, 201 Oj.
With the iarge increase in the certified instaiiers (Table 3), there is iikeiy to have been at 
least some improvement in the relative skilis ievels of instaiiers since Praetorius et al. (2010) 
reported that there were just 400 installers accredited through the MCS across the UK. The 
same authors found that research and development (R&D) on solar PV in the UK was more 
limited than the highly dynamic R&D activities supporting the German PV sector. Another 
perspective on the UK solar PV industry pre-FiT observed that as many installers focused on 
only one microgeneration technology or brand, their skills training tended to be limited to 
attending relevant manufacturer courses alone. The problem with such iimited training is that 
installers are a key interface between microgeneration products and the judgments that 
potential customers make in deciding whether to adopt them (Bergman & Eyre, 2011).
62
Table 13 Expectations for Research Objective 2: What has been the impact of 
installer business activities on standards of microgeneration installation in homes?
Research objective 2: Sub-question Expectations
2.1. To what extent do installer businesses 
ensure that systems they install are appropriate 
solutions for a given property?
Businesses which install only one technology 
type will naturally be trying to push that 
technology to potential customers, when it might 
not necessarily be an appropriate or cost- 
effective energy-saving solution on its own. 
Businesses which install a range of 
microgeneration and energy efficiency solutions 
are best placed to take a systems perspective 
and identify the most appropriate solutions, but 
are still driven by the profit margins they can get 
for installing different technologies. 
Microgeneration Certification Scheme requires 
use of SAP 2005, and other design tools / 
software, but there can still be a lot of variability in 
approaches to specifying systems around these 
requirements._______________________________
2.2. To what degree do microgeneration instaiiers 
exploit the ‘bounded rationality’ or incompiete 
knowledge of consumers through opportunistic 
marketing techniques?
Given the previous reputation of the soiar thermal 
industry for aggressive marketing and ‘cowboy’ 
practices, it is expected that the ievel of 
exploitation of iimited customer knowledge can 
only be successfully mitigated through an 
effective regulatory regime. This depends on the 
effectiveness of the Microgeneration Certification 
Scheme examined by Objective 2.4.____________
2.3. How do different installer business models 
affect the quality of microgeneration installation 
work?
Free solar PV should incentivise sufficient quality 
of installations to maximise income from tariffs for 
generation. With the standard household- 
ownership model, the main incentives for 
installers is to profit from installations themselves 
and do what is necessary to build and maintain a 
good reputation for their business. This leaves 
room for unscrupulous installers.
Sub-contracting has been associated with a loss 
of control, or reduction in installation standards 
(e.g. EST, 2010). Sub-contractors may be less 
well trained than directly employed installers, and 
there are lots of unknowns about who they are, 
and what their specialisms are._________________
2.4. How successful has the Microgeneration 
Certification Scheme been in policing the quality 
of installations?
The Microgeneration Certification Scheme 
requires an annual inspection visit for installers to 
maintain ongoing certification, and a sufficient 
level of customer complaints could, according to 
the Scheme website, lead to an investigation of 
the company and potential withdrawal of their 
certification. However, there are around 15 
different Certification bodies, who will vary in the 
way they operate, and it is suspected that the 
Scheme lacks genuine effectiveness.
Real Assurance Scheme has so many 
stipulations that it would be very difficult for small 
businesses to realistically follow them, even if 
they wanted to.______________________________
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2.4 Extent to which installer businesses contribute to ongoing energy and carbon- 
saving performance of residential microgeneration
A model simulating 47 different house types within the English housing stock (Lomas, et al.,
2009) was developed as part of the Carbon Reduction in Buildings (CaRB) project. This 
model suggests that CO2 emissions from domestic space heating could be cut by 38% using 
a combination of energy efficiency interventions, such as cavity wail and loft insulation, solid 
wall insulation and instaliation of condensing gas boilers. By contrast, low electricity 
appliances such as for reducing standby consumption and low energy lights only cut 
residential CO2 emissions by 6%. A separate analysis from the Tarbase project suggests 
that larger than typical microgeneration installations (e.g. 3.9 kWp for solar PV) are required 
to achieve a 60% reduction in residential CO2 emissions. The current expense of 
microgeneration technologies and available roof space limit the degree to which this is a 
realistic ambition. Furthermore, mass uptake of the aforementioned energy efficiency 
measures alone on a household by household basis has been described as by Lomas et al. 
(2009) as a ‘Herculean task’:
‘Virtually all the 24 million existing buildings In the UK would need some attention to reduce 
their emissions by just 40 per cent. To complete the task In 40 years we would need to 
refurbish an entire city the size of Cambridge every month. If we assume that each 
Intervention set would take a team of trained workers two weeks, we would need 23,000 
teams of people to work at this rate non-stop for the next 500 months.’ {Lomas et al., 2009,
p.10)
Up-front costs are a fundamental barrier to uptake of the very installations that can achieve 
the highest energy and CO2 savings, so that the costs of reducing a terraced house’s 
emissions by 20-30% were estimated by the authors to be £3,000 to £4,000, compared to 
£15,000 to £20,000 for a 40% cut (Lomas et al., 2009). It was suggested that 
microgeneration heat technologies could achieve around half the CO2 savings than solid wall 
insulation can, and at a considerabiy greater cost in the case of heat pumps. Solar water 
heating is cheaper than external solid wall insulation, but achieves less than a third of the 
energy savings. Overall, there are some serious questions about how to ensure that 
microgeneration is only instailed when it is an effective carbon-saving intervention in 
households, and whether it should be installed at all in households which have not been fully 
fitted with all practical insulation and efficiency measures first.
Microgenerators may be used inappropriately or in a sub-optimal way, mitigating their energy 
/ carbon-saving potential. In investigating the influences and processes that people go 
through in deciding whether to adopt, use, not adopt or reject ecological products and 
system, Roy et al. (2007) categorised interviewees according to whether they were: 
‘potential adopters’; ‘non-adopters’; ‘adopter-users’ or ‘reject-users’. Adopter-users can 
either be ‘engaged users’, meaning that they realise most or all of the environmental
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potential of a product or system, or ‘non-engaged users’, because they still use the product 
or system but their behaviour mitigates its potential environmental benefits, or even reverses 
them. Additionaiiy, low-carbon products may be rejected if householders have had little 
choice in their initiai adoption, or if they are cheap, such as compact fluorescent lamps. 
Further to this, there is some evidence of a ‘double dividend’ effect in some microgeneration 
users, whereby some residents who have adopted microgeneration technoiogies passively, 
i.e. through social housing providers, have experienced a transformation in their 
understanding of energy issues and reductions in their own energy use and consumption 
(Sustainable Consumption Roundtable, 2005).
In a trial of heat pumps in Germany run from 2005 to 2010, including 56 GSHPs and 18 
ASHPs mostly fitted in residentiai new builds, Miara et ai. (2011) observed that design and 
installation problems caused reductions in system efficiencies. The authors concluded that it 
was the responsibility of designers and installers to supply more information to help users to 
maximize heat pump performance.
Ongoing energy and carbon-savings need to be assessed on a technology-by-technology 
basis, given significant differences in the possibilities for savings from a range of 
microgeneration types which can include heat production systems as well as electricity 
generators (Bergman & Jardine, 2009). For example, problems at design and instaliation 
stage can affect substantially the performance of solar PV (Candelise et ai., 2010) and heat 
pump. Ambient environmental and meteorological conditions influence the ongoing 
performance of soiar PV (Candelise et ai., 2010) and heat pumps in ways which are not 
entirely predictable or understood. Nevertheless for PV, annual predictions of system 
performance are usually close to the actual output (Bahaj & James, 2007; Mathiopoulos, 
2011). These findings are supported by Chapter 3, which presents some case studies 
comparing predicted and actual soiar PV performance for a smali number of houses in the 
Woking and Guildford area and the Isle of Wight, in the UK, peak residential demand for 
electricity (mornings and evenings) is poorly matched to the peak time of solar PV 
generation (midday / early afternoon) (Candelise et ai., 2010).
Keirstead (2007) has looked at the response of households in the UK to the installation of 
solar PV. He found an overall reduction in electricity consumption of 6%. However, he notes 
that the full social benefits of microgeneration will not be achieved without better customer 
feedback through smart metering and competitive feed-in tariffs for househoids (now 
available) to generate a meaningful income. Darby (2006) and Janda (2007) also 
emphasise the potential role of direct feedback displays linked to microgeneration systems 
so that householders can, if they choose to, see their own production and consumption in 
close to real time and be paid fairly for the energy they generate. Such displays are optional 
and by no means standardised, but can be particularly effective in making users aware of 
the need to save energy or reduce carbon emissions (Darby, 2006).
On the other hand, Bergman & Eyre (2011) emphasise the fundamental disconnect between 
individual behaviour, residentiai energy use and the imperative to act to mitigate global
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climate change. Overaii carbon and energy savings solar PV depend in part upon the 
amount of unused eiectricity exported back to the national grid, which can typically vary from 
25% to 70% in identical houses where the highest eiectricity use in one residence can be 
three times that of the lowest household use (Bahaj & James, 2007). In Germany the total 
installed capacity of solar PV in 2008 was 5877 MW (across almost one million individual 
systems), compared to 2 MW in 1990, following the Feed-in Law of 1991. Despite this, solar 
PV only supplied 0.7% of national electricity use in 2008 (Praetorius et. al., 2010).
The sustainability of biomass has been contested (Praseg, 2009), with standard guidance 
suggesting that it should be locally-sourced. However, it has also been argued that even if 
importing biomass fuel from within the EU it would still have a substantially lower carbon 
footprint than gas or oil.
Bergman & Jardine (2009) observed that under the Low Carbon Buiidings Programme 
(LCBP), instailers often fitted only one type of microgeneration and their interest was in 
maximizing sales of that technology (see also Bergman & Eyre, 2011) over taking a whole 
energy household perspective or making a fully informed decision as to whether that was the 
best energy saving solution available. Where the Feed-in Tariff (FIT) has failed to guarantee 
the same rate of return on investment for different microgeneration technology, the market 
may become skewed towards those technologies that represent the most profitable 
investment (Jardine, 2009). As noted before, the dominance of soiar PV as the technology 
most taken up through the FIT is more likely to be the result of non-financial barriers to 
uptake, most notably the very long lead times required for the installation of micro-hydro 
(Aldridge, 2012) or very poor urban and sub-urban performance of micro-wind (James, et ai.,
2010). The LCBP did require eligible homes to have fitted some minimal energy efficiency 
measures however, such as cavity wall and loft insulation. More recently, the Feed-in Tariffs 
(FiTs) did not require any such minimum energy efficiency standards until the FITs for solar 
PV were halved on 1 April 2012, when the government brought in the requirement that 
eligible installations could only take place on Band D properties or above. Furthermore, as 
outlined above, instaliers may exploit the bounded rationality or limited knowledge of 
potential customers and there is a need for reliable, independent information on a whole 
range of home energy options that can be easily accessed by householders to help them 
make fully-informed decisions. Otherwise, and in reality, potential customers are left to do 
their own research on any technologies they may consider for their homes, or make their 
own choices between alternative technologies, with the consequence that such decisions 
may often be poorly informed (Bergman & Jardine, 2009).
Nevertheless, because Feed-in Tariffs for solar PV pay householders or system owners per 
unit of generation (with a minimal payment for export), in theory at least they incentivise 
maximization of system performance, thus maximizing profits (Bergman & Eyre, 2011). 
Although this depends on access and visibility of generation meters, and the degree to which 
householders interact with them, customers also receive invoices for their generation tariff 
payments from their energy supplier. This might allow them to compare payments for
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equivalent periods year-on-year, however, given changes to tariffs, variability in solar 
radiation levels and other relevant meteorological conditions, it is very difficult for 
householders to make a clear evaluation of their payments, unless they are obviously low.
Energy Service Contracts, discussed above in Section 2.2.5, are one way to incentivise the 
installation of microgeneration systems in such a way as to maximise the quantity of energy 
production dose to the point of use and overaii carbon savings through avoidance of 
centralised grid supply. UK Feed-ln Tariffs do not require that households have to install 
energy efficiency measures before instaiiing microgeneration systems, as the Low Carbon 
Buildings Programme grants did. Nevertheless, it would be useful to discover whether 
installation businesses offer any post-instaiiation advice to customers on optimal use of their 
microgeneration systems, and seek to maximise output by installing loft and wall insulation 
for exampie. Eaga install microgeneration and insulation in households, incentivising them to 
install both products in a way which maximises the effectiveness of both measures.
Additionaiiy, to what extent do microgeneration instaliation businesses offer maintenance 
contracts and warranties on minimum performance of microgeneration systems to residential 
customers? The Microgeneration Instaiiation Standards on solar PV and thermal systems do 
not require a guarantee of minimum performance from instaliers (DECC, 2008; DECC, 
2009), meaning that these companies only have to ensure that systems are operating.
Householders need to be provided with good quality information so that they at least have 
the knowledge to maximise energy and carbon savings of microgeneration after installation 
(Praseg, 2009). For example, the more constant heat output from heat pumps requires less 
intervention than conventional gas heating systems to maintain thermal comfort. But users 
are often not likely to realise this without effective communication with them prior to and 
following installation. Furthermore, Bergman & Eyre (2011) contend that the installation 
industry has no incentives to encourage the optimal use of microgeneration. Energy savings 
from solar hot water have been found to be very disappointing (Hill et al., 2010: In Bergman 
& Eyre, 2011), due to incompatibility with boilers and sub-optimal boiler timings arising from 
low user awareness and inadequate information provision, or poor controls.
However, Microgeneration Certification Scheme does not require certified installers to 
provide advice to customers on optimal use of installed systems, and home energy use, and 
this wouid in any case require a much wider skillset than installers are usually likely to 
possess (Bergman & Eyre, 2011). Installers only need to pass on a package of documents 
detailing system specifications to customers (MCS, 2013).
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Table 14 Expectations for Research Objective 3: How do installer businesses 
contribute to the ongoing energy and carbon-saving performance of the 
microgeneration systems that they fit in homes?
Research objective  3: Sub-question Expectations
3.1. How do different installers choose 
manufacturers and products for the microgeneration 
systems they fit in homes, and how does this choice 
impact on the energy and carbon-saving 
performance of these microgenerators?
The reasons for manufacturer and product 
choices are important, but equally important is 
the extent to which such systems are installed 
correctly and appropriately, and the extent to 
which manufacturers honour the terms of 
product warranties.
3.2. To what extent do microgeneration installers 
take responsibility for the servicing and 
maintenance of systems that they fit and how does 
this affect ongoing performance?
This could be quite variable, from installers 
who provide maintenance or servicing in- 
house, to those which sub-contract it, and 
some which do not provide it at all. As with 
installations, there are concerns that sub­
contracting such servicing may compromise its 
quality. Servicing and maintenance contracts 
are also likely to be highly variable, both in 
terms of costs and coverage, although basic 
installer / manufacturer warranties should be 
fairly common.
3.3. Does the nature of installer business model 
influence the extent to which overall energy and 
carbon-savings are achieved?
Installers which serve a smaller pool of local 
installations may be able to offer more 
maintenance services than those with a wide, 
national service provision.
Similar to Objective 2.3, free solar PV 
incentivises ongoing monitoring and 
maintenance of systems to maximise income 
from tariffs for generation. Standard 
household-ownership model does not 
incentivise installers to conduct such 
monitoring and maintenance.
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3. Case studies of installer influence on residential microqeneration uptake 
and performance
3.1 Introduction
During the course of pianning and conducting the core thesis research, a range of case 
studies of the performance and user experience of microgeneration were sought out in an 
attempt to ground the research findings with some reai iife perspectives. These case studies 
do not represent a formai research methodoiogy, as they have not been seiected in a 
systematic way, but rather for reasons of accessibility to the research or contacts made 
through colieagues and feilow students. This chapter occupies a space bridging the iiterature 
review and methods chapters (Chapters 2 and 4), since the emerging case studies helped to 
inform the research design, as well as aiding interpretation of some of the research findings 
subsequently. These case studies helped the researcher build knowledge about 
microgeneration technoiogies, installations and homeowner interests and issues. In addition, 
some of the case studies provide valuable context for the core research questions, in 
particular those pertaining to how installer business activities may influence installation 
standards and energy and carbon savings from microgeneration. Chapter 7 attempts to co­
ordinate learnings from the case studies with the findings of the core research, whiie drawing 
upon relevant literature.
The case studies mostly focus on soiar PV with a few examples relating to solar hot water, 
heat pumps and wood-burning stoves. This is because, as seen in the previous chapter, 
solar PV is the most market-mature microgeneration technology, with the possible exception 
of solar hot water (the market leading technology before the introduction of the UK Feed-in 
Tariff in April 2010). Additionaiiy, soiar PV can be easily and cheaply metered for the 
purpose of recording and studying solar electricity generation, while solar hot water can aiso 
be metered, as in one example presented in this chapter. However, monitoring systems for 
heat pumps reflect the lack of market maturity and greater complexity of these systems, are 
therefore prohibitively expensive, and not yet available on the mass market.
The chapter is split into three sections, which look at three types of case-studies. Section 3.2 
addresses owner-occupier householders who purchased microgeneration from instaliers and 
own the technology outright; section 3.3 considers soiar PV which was sold by instaiiers for 
free whiie they own the technology and profit from Feed-in Tariffs over the long-term; and 
section 3.4 looks at a case study with greater complexity in which solar PV was fitted by an 
installer company on behalf of an Energy Services Company called Thameswey. This 
Energy Services Company, via Woking Borough Council, effectively owns the solar PV by 
majority (although the homes on which it was fitted were part-buy). The reason for 
investigating these different case studies is to gain an appreciation of the different ways in 
which microgeneration can be adopted in homes, and thus provide context for the 
consideration of installer business models in the core research. An evaluation can then be
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made of the relative effectiveness of these different forms of uptake, in terms of rates and 
standards of uptake, and their impact on carbon-savings.
Specifically, Section 3.2 considers two groups of case studies, focusing on the reasons why 
homeowners choose particular instaiiers and particular microgeneration technologies, and 
their experiences of a range of such technologies, across fifteen homes in Surrey. This 
assessment draws on a combination of primary and secondary research. Section 3.3 makes 
use of an informal participant observation research method to chronicle the experience of 
the researcher’s parents from the instaliation of free soiar PV on their house in Shankiin on 
the Isle of Wight. The performance of their solar PV is also evaluated compared to predicted 
output, and the section includes the findings from an interview with the company who 
instailed the soiar PV. Section 3.4 draws on relevant findings from a project monitoring the 
energy performance of 12 new-buiid houses in Brookwood Farm, Woking. Aii 12 houses had 
soiar PV tiles instailed on them, and two had solar hot water additionaiiy. The performance 
of the PV tiles has been monitored and the results are presented in this section,.
Focusing on the performance of microgeneration is relevant to the second and third research 
objectives on standards of installations, and carbon-savings achieved after instaiiation. As 
installer businesses use prediction tools to estimate the output of microgeneration 
technoiogies they are going to fit in homes, it follows that the quality of their decision making 
with respect to designing systems for install depends upon the tools that they use to specify 
them.
Throughout the chapter and across the different case studies, analysis is presented of actual 
versus predicted performance of soiar PV systems. These assessments could have made 
use of the government’s Standard Assessment Procedure (SAP) for estimating the output of 
solar PV, as it was a requirement through the Microgeneration installation Standards for 
installers to use SAP in designing and specifying systems prior to fitting them in homes. 
However, SAP is notorious for underestimating generation in the south of Engiand. Despite 
this, the main survey of 317 microgeneration instaliers presented in Chapter 5, found that 67 
out of 111 solar PV installer companies used only SAP 2005 and/or SAP 2009 to estimate 
the output of solar PV at design stage.
Therefore, PVGiS (Photovoltaic Geographic Information System) has been used in this 
chapter as a more accurate way of predicting eiectricity generation from solar PV. There are 
two versions of this software, which is available freely on the PVGIS website. The earlier 
version uses spatially-interpolated ground-based weather data to correlate direct and diffuse 
solar radiation with estimated electricity generation. The user merely needs to specify the 
basic type of system and tilt, orientation and size of the solar PV array. The latest version 
PVGIS-CMSAF (Ciimate Monitoring Satellite Application Facility) combines spatially- 
interpolated satellite weather data with ground-based measurements. However, as PVGiS is 
a free software, it is not as sophisticated as commercial software which require a license fee 
to be paid. Examples of the latter, such as PVSOL and PVSYST, allow one to add details of
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the exact manufacturer and model and capture much more detail about the system (e.g. low- 
level irradiance sensitivity).
Of 111 solar PV installers in the main survey presented in Chapter 5, 44 stated that they 
used an alternative prediction tooi, method or software to SAP 2005 or SAP 2009. 37 of 
these instailer companies used PV SOL, whiie 19 used SMA Sunny Design and a further 
stipulated that they used SMA software (SMA is a manufacturer of solar PV inverters). 13 
installers used PVGIS, while six companies made their design estimates with PVSYST. 
Although PVSOL is by far the most common software used, it was not possible to gain 
access to it through a university license, and the researcher could not afford to purchase it.
These survey findings on favoured prediction tools for the specification of solar PV systems 
is supported by Mathiopolous (2011), who telephoned a random sample of 50 solar PV 
installers accredited through the Microgeneration Certification Scheme. Simiiarly, this 
teiephone survey found that 76% of the instailers contacted used SAP 2005, while six used 
PVSyst or PVSOL in addition to SAP 2005 or SAP 2009. Just over a third of the instailers 
contacted estimated output with both versions of SAP, indicating that they were not quite 
sure which results to present in the handover pack to customers required by the 
Microgeneration Instaiiation Standards. Nevertheless, some of these installers commented 
that SAP 2009 was more accurate than its predecessor, as it revised generation upwards a 
little, but the estimated figures were still low. Also, a third of the 50 instaliers used PVGIS, 
but the dominance of PVSOL was not captured in this study, possibly due to the smaller 
sample size compared to the main survey sample described above.
In the semi-structured interviews presented in Chapter 5, some installers commented on the 
prediction software that they used for solar PV. For example, installer R used the latest 
version of PVGIS. He did not think that there was a probiem with using PVGiS to predict 
output for a range of different solar PV products, even though the software does not allow 
individual specifications for particular product models to be incorporated within the prediction 
(unlike PVSYST for exampie). installer J used PVSOL, and the version he bought cost £500 
- £600. He supplied customers with a SAP prediction (as required by MCS guidance) and 
tended to cite PVSOL as well. He inputted iocai weather station data into PVSOL. Like 
PVSYST and unlike PVGIS, PVSOL allows detailed technical specifications of PV systems 
to be incorporated. For initial surveys, he used a solar view finder to assess shading 
accounting for the summer and winter sunpath. instailer K utilised Sunny Design software to 
predict the current and voltage from SMA inverters (Sunny Design can only be used for 
SMA). Initially, for PV modules, he quoted to customers using a combination of PVGIS, SAP 
and manufacturing software, but when demand was high he just used SAP and sometimes 
PVGIS. He also did not see a particuiar problem with using PVGiS despite it not having the 
capabiiity to incorporate parameters of particular product models.
In order to evaluate how well microgeneration performs, it also follows that it is necessary to 
evaluate how well tools used to predict performance actualiy perform themseives when 
applied to real world installations. Marshali (2013) has investigated this for both versions of
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PVGIS in relation to six soiar PV systems instalied across England, and reports that the 
latest version (CMSAF) produces generation estimates which are 10% higher on average 
than classic PVGIS. She found that PVGIS underestimated generation from four out of the 
six solar PV systems, while CMSAF overestimated generation at the same sites.
3.2 Early adopters and homeowner purchase and ownership of microqenerators
This section covers two groups of case studies setting out the reasons why homeowners 
have chosen particular microgeneration technoiogies to be instalied in their homes, and their 
experiences of those technoiogies and their performance. The case studies have been 
obtained through primary and secondary research.
3.2.1 Reasons why residents choose certain installers and microgeneration 
technologies -  Godalming households
The first group of case studies presents secondary analysis of the transcripts of interviews 
with ten householders in Godaiming, Surrey, undertaken for a dissertation as part of the MSc 
at the Centre for Environmentai Strategy at Surrey, supervised by the current author. This 
anaiysis focuses on the reasons why homeowners chose a particular installer over others, 
and any problems arising, during and after instaiiation of solar PV.
Knowlton (2012) interviewed ten householders who had solar PV panels installed and had 
lived in the houses after instaiiation (an additional householder was interviewed but they had 
oniy just had the paneis instaiied). Nine of the houses were iocated in Godaiming, and two in 
Woking (known already through a colleague of Knowlton’s). Interview invitation cards were 
hand-delivered to a number of houses in Godaiming which had solar PV panels (identified 
from a walk-around and visual inspection) and three householders replied unprompted in 
favour of taking part. Interview durations ranged from 20 to 60 minutes, with approximately 
45 minutes being the most common length. Detailed interview notes are presented in 
Appendix A.
Evaiuation
Key themes emerging from these resident interviews include the following:
• The rush to the proposed 12 December 2011 deadiine for halving of the Feed-in 
Tariff caused deiays to and problems arising from, instaliations -  e.g. the case of one 
installer who asked a householder if they could temporarily store panels meant for 
other houses.
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• One householder, who worked for a large energy services company, reported that an 
instalier had fitted a north-facing solar panel on their house.
• Some interviewees expressed a preference for smaii or local companies over 
nationai companies (one homeowner thought a representative from the latter was too 
sales-like).
• One homeowner took out another year’s extended guarantee due to a squirrel 
clearing through a cable which was part of the solar PV system, resulting in six- 
weeks’ lost generation.
• After obtaining two detailed quotes, one homeowner chose an installer for ethical 
reasons.
• The interviewees provided some evidence of installer representatives employing cold 
calling or hard saies techniques.
• In some cases, homeowners had relevant technical knowledge or access to 
professional environmental awareness: one homeowner was employed by a large 
energy services company; another househoider’s daughter worked for Friends of the 
Earth; and a third interviewee worked for a buiiding company.
• Several interviewees expressed a distrust of installer quoting, and had been 
proactive in seeking quotes from different instailers, for fear of being extorted.
• Some househoiders expressed a distrust of sales representatives from instaiier 
companies and shared a perception that these representatives lacked technical 
knowledge about solar PV.
3.2.2 Reasons why residents choose certain installers and microgeneration 
technologies, and user experience of microgeneration -  Surrey Green Homes
The second group of case studies were obtained directiy by the researcher through visits to 
four houses in areas surrounding Guildford, in March 2011 and 2012. These households had 
adopted a range of renewable energy technologies and energy efficient measures and had 
agreed to open their homes for visits as part of successive, annual Surrey Green Homes 
events organized by Action Surrey. The renewable and energy efficient features of each 
house are outiined in turn below, together with the experiences of the householders drawn 
from conversations with them during the visits.
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Hullah House, Farncombe, visited March 2011 (See also Appendix B)
Homeowner details
There were two female homeowners: one was a local councillor, and the other a member of 
both the Guildford Environment Forum and Greening Godaiming. They expiained that they 
read gas, electric, soiar thermal and PV meters monthly, and that one of the homeowners 
had also kept a record of daily PV generation since their soiar PV system was instalied in 
February 2011. The Iocai councillor was more familiar with units of energy output and 
performance than the other homeowner.
Soiar PV and solar thermai
The householders possessed a solar PV system and an evacuated tube solar thermal 
system, both of which were pitched at,35 degrees, with a south-west facing orientation. A 
large tree beyond the garden perimeter was a potential cause of minimal shading when the 
sun was low in sky to the west.
Their solar PV system had a capacity of 1.9 kilowatt peak (kWp) and comprised eight 
panels, costing between £9,000 and £10,000 to instaii in February 2011. These were Sharp 
nu235 monocrystalline moduies. The PV system was predicted to generate 1,500 KWh out 
of the house’s 4,500 KWh annual electrical consumption. The homeowners estimated that 
they could get an approximate 8% return on investment from the Feed-ln Tariffs, reducing 
with degression rates and declining performance of PV modules over 25 years. The Feed-in 
Tariffs were paid to them by Eon. The dial on the electricity meter rotated forwards when 
consumption outweighed generation, and then backwards if there was net generation, at 
which time export occurred automaticaliy. This contrasts with digital meter displays of solar 
PV generation, which may not give a dear indication of when net generation is occurring.
As one of the homeowners was a local councillor, they found out about the installer of the 
PV through an issue with Farncombe Youth Footbaii Club -  and the chairman of the football 
club recommended the installer to them.
Wood burning stove
The wood burning stove was a Westfire 15, which cost about £1,500 for the stove and 
hearth piate '^ .^ The maximum output was 7 kiiowatts (kW). It cost a further £2,500 for the 
installation, including iabour and the chimney. When it was switched on, the stove heated 
the householders’ living room and aii of the upstairs rooms, because the heat flowed up the 
stairs. The central heating was run early in the morning; and the boiler also provided heat all 
day for the underfioor heating in the extension.
The househoiders used iogs to fuel the wood burning stove. But this was proving 
problematic as many of the iogs had more than 20% moisture content, and they had needed
See: http://www.stovesonline.co.uk/wood_burning_stoves/Westfire-Designer-stoves.html
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to return some. One householder used a moisture meter to check the logs before using 
them in the stove. They dried the logs out sitting on top of the stove and one householder 
said that “they burn a dream”. But in their view, most people who had a wood burning stove 
either did not know about excessive moisture content or did not check. They burned the 
logs from midday on very coid days and from late afternoon on most winter days. They 
estimated that the system had replaced about 50% of their gas for central heating. The cost 
was about the same as gas central heating but was carbon neutral. Nevertheless, one of 
the householders had to build a third store to accommodate the worst of the wet logs, which 
could be used the next autumn.
A moisture meter cost them about £7-10 on Ebay^®, aithough one of the householders said 
that they did not aiways work perfectiy, but gave an indication. Their current technique was 
to put a few iogs on top of the stove and heat them up to about 40°C to dry them out. It still 
took energy to evaporate the water, but a wet log in the firebox tended to put the fire out, 
reducing the air flow, reducing the burn rate, and a lot of volatiles did not burn; whereas after 
drying them on top, they burnt effectiveiy “once they get going”.
Future plans re: heat pumps / underfioor heating extension
During the visit in March 2011, the homeowners said they had considered buying an air or 
ground source heat pump if they extended the underfioor heating to the whole house (not 
just the conservatory). However, although they knew of a Victorian house which had 
underfioor heating retrofitted for the whole house, they viewed this intervention as too 
disruptive, probably causing them to have to move out of their house during the instaliation. 
They did not know the cost of extending underfioor heating to the rest of the house. They 
would probably prefer an air source heat pump to a ground source heat pump because of 
the disruption the iatter would cause to the garden. The air source heat pump externai unit 
could be placed near the back of the garden, sufficiently far from the house so the whirring 
noise of operation (although they said that heat pumps were fairiy quiet from having seen an 
operating system) was less noticeable from the house. However, they acknowledged that 
they lacked the space for the internal units required for a heat pump.
Evaluation
The homeowners dearly had a lot of money that they were prepared to invest in various 
energy saving measures and renewable generating technoiogies. One of them was a 
member of at least two separate environmental fora, and the other a local councillor, so they 
held positions of social or environmental responsibility. However, it might have made more 
sense to install a heat pump rather than solar thermal when commissioning the originai work 
on the conservatory, perhaps iooking to extend the underfioor heating to the whole house at 
the same time. This would on the other hand have raised the initial cost. Such a complex 
arrangement of costly technologies is extremeiy difficuit to bring to a mass market.
See: http://tinyuri.com/bmbghtw
75
particularly where they are only partially catering for heat / electricity demand and substantial 
grid-supply is still required. The homeowners would need the evidence of heat consumption 
over milder winters to more reliably evaluate overall changes in gas use.
Saturday 24 March 2012 
1950’s extensively renovated detached house, Normandy (see also Appendix C)
The homeowner appeared to have an interest in technology and whilst he had installed an 
air source heat pump, a key reason was because he had oil-fired gas heating before and 
connecting to mains gas would have been prohibitively expensive. Having said that, he had 
taken much interest in the efficient operation of the system and its ability to adequately 
provide hot water and space heating when required. He had gone to the trouble of installing 
insulation far beyond the efforts or capacity of most homeowners. But he clearly had a high 
level of purchasing power. Like three of the other Surrey Green Homes visited, he had 
installed a wood burning stove which was much more efficient than an open fireplace to heat 
the living room. But he did not give the impression that he had specific environmental 
motivations, as his house and lifestyle was still energy hungry in other respects: he 
possessed four bathrooms and four showers, with heated towel rails in the bathrooms and 
localized electric floor heating in the downstairs bathroom, with a large plasma TV screen in 
the living room.
Rivendell eco-house, Elstead (see also Appendix D)
This was a new build house with a small ground source heat pump unit and two horizontal 
slinkies, comprising 400 metres of pipe coiled up and containing a fairly weak anti-freeze, 
and two 40 metre long trenches 3-6 feet deep. The heat pump unit was located in an out­
building and could be heard “rumbling along’” from inside the house. The slinkies were 
installed by builders and plumbers, commissioned by the homeowner, who explained that it 
should have taken them two days to do this, but it took much longer.
The homeowner said that he was originally charged £19,000 for an 8kW GSHP but this 
quote was changed when he pointed out the Energy Saving Trust guidance suggesting that 
the cost of a GSHP of that size should be £8,000.
1920’s detached bungalow, West Clandon
Solar hot water and water heating
The householders’ solar hot water system was twice the normal size, and located on the 
east-facing roof. The homeowners considered that an east or west-facing orientation still 
permitted decent performance from solar evacuated tubes, as solar hot water was not as 
directionally-dependent as solar PV. Therefore, the homeowners advised visitors not to 
install solar thermal evacuated tubes on south-facing roofs, if PV is installed as well. The 
total cost for the solar hot water system was £5,000, given that the evacuated tubes were
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double the standard size, and the system comprised two new storage tanks and pumping 
systems. They obtained quotes from six different installers -  all had different approaches for 
dealing with the water storage. Their solar thermal installation did not qualify for Renewable 
Heat Premium payments, as it was fitted before July 2011.
The solar thermal system used a glycol solution, which was circulated through internal pipes 
between two hot water tanks, so that the glycol was directed to the coolest of the two tanks. 
There were two back-up immersion heaters, one for each hot water tank. The immersion 
heater situated near the bathroom was programmed to switch on at 5-6am every day (except 
in the summer) to heat enough water for three showers. The other back-up immersion heater 
was used more sparingly. The homeonwers highlighted the difference between conventional 
hot water tanks which were short and wide, and solar hot water tanks that were tall and thin.
Solar PV
The homeowners had solar PV fitted in September 2010. The system comprised 16 Sanyo 
HIT 240 watt modules, with a total capacity of 3.84 kilowatt peak (kWp), and a Fronius 
inverter. The modules were pitched at approximately 30°, with an orientation of 7° from due 
south. The module efficiency was 18-19%. The inverter was installed in an outside cupboard 
attached to the external wall. The installer replaced all pre-existing electrics. The solar PV 
system cost £17,000, but might have cost £10-£12,000 at the time of researcher’s visit 
(March, 2012) with the reduction in cost for solar PV.
Because Guildford Borough Council did not allow permitted development for solar PV, the 
homeowners had to pay a fee for building control. At the time Guildford Borough Council 
advised that they could not use more than 50% of any roof space for solar PV.
The PV had generated 5,076KWh in last 18 months, and 1,556 KWh from September to 24 
March 2012. A daily maximum of 22KWh was recorded in the summer. The annual PV 
generation from August 2010 to August 2011 was 3,359 KWh (this exceeded the installer’s 
annual prediction of 3,168 KWh). During this period, they had earnt £1,478 from the Feed-ln 
Tariff. By making a comparison with their previous electricity bills, one homeowner estimated 
that over this annual period they had made a £247 electricity saving. This homeowner 
worked from home much of the time, with the other working from home some of the time. 
Electricity was therefore often used at periods of highest generation.
Wood burning stove
The wood burning stove was installed 2-3 years before the researcher’s visit, and varied 
between 3.5 -  7 kilowatt (kW) capacity, with an average of 5kW. The stove itself cost £600 - 
£700, and £2,300 for the whole system, which had been manufactured by a Swedish 
company called ‘Scan’. It was supplied by a business based in a village in West Sussex. To
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reduce condensation, the stove was situated beneath an insulated flue and the chimney. 
The homeowners used locally-sourced logs.
Oil-fired electric heating
The house had no gas heating: oil-fired electric heaters provided space heating. One of the 
householders said that they planned to install an air source heat pump (ASHP) in 2013 / 
2014, but they were going to wait until the technology became more mature, so that there 
was a greater chance of a higher quality product and installation.
Insulation
Currently the house had loft insulation (400 mm space blankets) and mineral wool cavity wall 
insulation. The Community Climate Change Officer at Guildford Borough Council had 
organised thermal imaging of the property so that the homeowners could determine the 
position of various thermal ‘leaks’, and therefore specific places where new or additional 
insulation was required (e.g. not enough insulation around sunpipes; gaps and drafts in 
walls). This was particularly useful given the size of the property (A six-bedroom house with 
22 windows).
A tale of nine potential installers
Initially the homeowners contacted two large energy companies -  the first of these was very 
difficult to get to visit their house -  but eventually a salesman came with two observers 
monitoring his electrical competency. During the pitch, he followed an Ipad training routine. 
The homeowners decided not to choose this company as an installer, as they only offered 
PV (not solar thermal as well), and the PV wouldn’t have been 3.8kWp or closest to the 
maximum FIT rate threshold for residential installations (4KWp). The second large energy 
company they contacted failed to turn up to an arranged home visit.
The householders then decided to try two local organisations who installed PV and solar 
thermal. Both companies were very thorough, e.g. measuring the height above the loft to the 
rafters to check that they could fit larger solar thermal tanks and get them into the loft in the 
first place. Next the homeowners contacted two organisations who were staffed by ex­
engineers, and provided them with a written brief on what they wanted them to do. They 
found that these organisations were also good on detail. After that, they tried an installer 
business who asked them to sign a contract following their initial sales pitch without even 
doing a site survey! They were asking for the money for the quote plus 10% of the Initial 
quote -  the homeowners told them they were not interested.
Ultimately, the homeowners decided to have a solar thermal system fitted by a company 
based in Epsom, who had been installing solar thermal for 5-6 years. This was because they 
came to the view that they would be better off installing solar thermal through a business 
trained in plumbing as well as solar thermal, and solar PV through a company qualified in
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electrics plus solar PV. Initially, their instinct had been to choose one installer for both 
technology types so that there was only one line of responsibility in the event of any 
problems with the systems after install. The company which installed the solar PV fitted the 
inverter in an outside cupboard and all pre-existing electrics were replaced. The same 
scaffolding was used to mount both the solar PV and thermal systems, given that they were 
installed in adjoining roofs.
After the solar thermal system was installed, the pump was switching incorrectly between the 
two new water tanks fitted as part of the system, but the solar thermal installer rectified this. 
The temperature controls for the solar hot water tanks and the immersion heaters were 
situated in a downstairs cupboard between the living room and kitchen for accessibility.
Evaluation
The householders were highly environmentally literate. The female homeowner was a 
professional employed in food sustainability, and her daughter was studying for a Masters in 
sustainability. They claimed that they tried to take showers in four minutes or less. The 
mother’s husband worked from home most of the time while she worked from home some of 
the time, and he took a keen interest in taking solar PV readings and comparing the latest 
bills with previous years in a spreadsheet. They were fairly early adopters of solar PV and 
solar hot water: the solar PV was installed in September 2010, and the solar hot water pre­
dated eligibility for the Renewable Heat Premium Payment (which applies from July 2011). 
The homeowners found that with the solar hot water, there was still some requirement for 
back up immersion heating of water, particularly in the winter. The solar PV inverter was 
installed in an external cupboard appended to an outside wall of the property, which was 
highlighted in the research interviews (Chapter 5) as being good practice: some interviewees 
suggested that many PV inverters were fitted in the loft, which they regarded as bad practice 
due to overheating in the loft space causing a reduction in inverter lifetimes (See Chapter 5).
Given that one of the homeowners was a sustainability professional, they conducted an 
extensive process for choosing an installer, and she was very discerning about site surveys 
and the quality of installation work proposed and carried out. Eventually they selected 
separate solar PV and solar hot water installer companies, because they considered that it 
was best that companies installing these technologies had an electrical (solar PV) and 
plumbing (solar hot water) background respectively. This is consistent with empirical findings 
from the main survey which link these technologies to the same specific trades (see Chapter 
5).
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Guildford Borough Council
At the time of the Surrey Green Homes visit in March 2012, Guildford Borough Council 
offered £3000 interest free loans to Guildford Borough residents, repayable over five years, 
towards the cost of solar hot water, wind turbines, GSHPs and ASHPs and biomass boilers. 
In order to qualify, residents were required to have a certain level of insulation. 30-40 
residents were provided these loans in 2011.
Homeowner direct purchase and ownership of microgeneration: Conclusions
The secondary analysis of household interviews in Godalming and Woking highlighted 
evidence of cold calling, and aggressive and disingenuous sales techniques by installer 
companies. Householders often tried to compare quotes from different installers before 
making their decision as to which installer to choose, and this decision could be made for a 
variety of reasons. There was a tendency for homeowners to prefer small or local installers 
over national installers, which might be linked to a distrust of the marketing staff employed 
by larger companies.
The residents of all four houses visited were relatively affluent homeowners who were 
capable of investing substantial sums of money on microgeneration and energy efficiency 
improvements, so the wide range of technologies that they combined in their homes is a very 
niche market at present. These were very much early adopters, at the very leading edge, 
who had taken a decision to install these technologies for environmental reasons, or just an 
interest in technology in general. Furthermore, the fact that they were exemplars in Surrey is 
emphasized by their participation in the Surrey Green Homes event. Interestingly, there was 
no Surrey Green Homes event in 2013, which may reflect the depressed state of the 
microgeneration market or a new emphasis on energy efficiency improvements following the 
introduction of the Green Deal at the beginning of 2013.
While the Surrey Green Homes residents’ accounts of microgeneration performance is 
generally positive, there were some negative experiences of installers, either at the point of 
sale or during site survey and installation. With respect to choosing microgeneration 
technologies, three of the four households preferred to install air source heat pumps instead 
of ground source heat pumps, on the basis of lower cost and less disruption. This is 
consistent with the relative uptake of these two respective technologies (see Chapter 5). The 
most surprising discovery from these four house visits was that all the households had 
installed small wood-burning stoves, usually just to heat their living room areas. This was a 
relatively-low cost intervention, and a much superior alternative to open fires which are far 
less efficient. But they still carry with them a hassle factor of supply of woodfuel, cleaning, 
maintenance and storage, albeit to a lesser extent than larger biomass boilers.
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3.3 Free solar PV: rent-a-roof and installer purchase and ownership of 
microqenerators
In summer 2011, the researcher’s parents decided to have solar PV installed on their home 
by a company offering to sell the solar panels completely for free (Free Solar PV Company 
A), because under this arrangement the installer company would earn the Feed-ln Tariff and 
export tariff and make a profit in the long run through this means, rather than on the profit 
margin between wholesale and retail prices that most installers operated on (see Chapters 5 
and 6). This is an example of the solar supply contracting business model identified by lEA- 
RETD (2013) and discussed in Chapter 2 (Section 2.2.6). Homeowners did not earn the 
Feed-ln Tariff or export tariff but they did save on their electricity bill due to the supply of free 
solar energy, while avoiding the up-front cost of solar PV.
3.3.1 Experience of installation and observations of neighbours’ installations
This section presents a diary of the researcher’s parents’ experience of free solar PV, 
documenting what happened during the installation and subsequently. The diary also 
includes some notes of similar solar PV installations which were fitted on two neighbours’ 
homes on behalf of the Free Solar PV Company A.
Monday 10^  ^October 2011
A scaffolder (unaffiliated with Free Solar PV Company A) put up the scaffolding beside my 
parent’s house in 50 minutes, from 6pm to 6.50pm. A separate scaffolding ‘gang’ (two men) 
had taken two hours (3-5pm) to erect Neighbour A’s scaffolding but the longer duration may 
reflect the lack of adjacent flat roofs compared to my parents’ house.
Tuesday 11^  ^October 2011
The installers were a Portsmouth-based company who were sub-contractors for Free Solar 
PV Company A. The installation was completed in five and a half hours (8.30am to 2pm) by 
three men working for the sub-contracted business.
The installers informed the researcher that the solar PV system comprised 16 Suntech 
245W modules and a Fronius inverter. The gliders for the panels were attached to the roof 
mainly by one installer in the first couple of hours, but most of the time-intensive work took 
place in the loft. Two wires were connected from the panels to the inverter, via a DC isolator. 
An emergency switch was positioned to the left of the inverter. A 240V mains lead was 
stapled to a side beam and connected down to the fuse box and electricity meter in the 
kitchen via the following additions: an AC isolator and a generation meter. Two of the 
installers then attached the panels to the gliders on the roof (Figure 10).
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The researcher’s fa ther asked fo r the generation m eter to be installed as high up as possible 
in the m eter cupboard, but it was still only m ounted at w a is t height, a lbeit h igher up than the 
e lectric ity meter. One o f the insta llers expla ined how to read the generation m eter (he also 
provided the researcher’s parents w ith a leaflet from  Free Solar PV C om pany A  expla in ing 
this in more detail). Due to the so lar generation input, the e lectric ity m eter m easured 
e lectric ity consum ption net o f the so lar e lectric ity produced, rather than gross e lectric ity 
consum ption. The generation m eter did not m easure export. Carillion / Hom eSun did not 
provide e ither facility, and it was therefore  not possible to obtain data on gross e lectric ity  
consum ption to ca lcu late e lectric ity savings. Instead, these savings have been estim ated by 
com paring quarterly e lectric ity  bills (see Section 3.3.2). On the fron t o f the inverter in the loft, 
there w as a dig ital d isp lay show ing instantaneous watts, but th is w as not very accessib le  or 
o f particular use to the researcher’s parents. The so lar PV can still generate  if there  is a 
power cut.
Figure 10 Researcher's parents' free solar PV installation in progress
The parent com pany o f Free So lar PV C om pany A  were able to m onitor the generation 
m eter rem otely using m obile phone technology and could check period ica lly to see if there  
were generation problem s with any o f the ir installations.
N eighbour A ’s installation was delayed as there w as nowhere to put the inverter because 
they had converted the loft to a bedroom . The sub-contracto r had to contact Free S o lar PV 
C om pany A  to negotiate an a lternative. This did m ake a m ockery o f the site survey, or 
com m unication fo llow ing on from it.
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Neighbour B watched the installation taking place on the researcher’s parents’ roof, as he 
had told the researcher’s father that he was at contract-signing stage for a similar free solar 
installation through Free Solar PV Company A. He said he might be interested going ahead 
with an installation on his house depending on the progress of the researcher’s parents’ 
installation. After the installation was completed, he said: “I want to get one on each roof.” -  
this may or may not have been a joke, as one of his roofs was north-facing.
Thursdav 13*^  October 2011
The scaffolding was removed from the researcher’s parents’ house in approximately half an 
hour in the early afternoon.
Fridav 25th November 2011
Neighbour A’s PV installation was completed on 25th November 2011. Two installers, who 
had been sub-contracted by Free Solar PV Company A, arrived at 8 am and finished the 
installation at midday (four hours total installation time). One tile was broken during 
installation -  one of the Neighbour A householders came round to the researcher’s parents’ 
house and the researcher’s father gave him a spare Redland 39 tile from the researcher’s 
parents’ roof. The Neighbour A householder climbed up on the scaffolding which had not yet 
been dismantled and replaced the broken tile.
Neighbour B said that the researcher parents’ installers had broken one of the roof tiles 
during installation, but they had replaced it on the day. Neighbour A was not entirely sure 
about whether the installers had broken his tile, but it was situated next to their chimney. 
One panel was installed right behind the chimney!
Neighbour A said they had turned their dishwasher on during the day on Sunday and had 
generated 3.6 KWh so far that day (until unknown time) and added that they were still getting 
used to the new meter configuration. He asked the researcher’s father how much electricity 
the researcher’s parents’ were saving: the researcher’s father replied that they wouldn’t 
really know until they received their first electricity bill, but the meters showed they were 
clearly saving.
Provisional 12 December deadline for halving of the Feed-ln Tariff for residential solar PV
Neighbour B informed the researcher’s father that they had signed a contract with Free Solar 
PV Company A for a solar installation on their roof before the 12 December deadline, but 
that Free Solar PV Company A had informed them that they would not be able to install the 
system after all (presumably due to the company not being able to mobilise installation 
resources before the deadline). Neighbour B told my dad he was appealing to the EU 
against Free Solar PV Company A, which presumably was on the basis of breach of 
contract. Once the deadline for the halving of the Feed-ln Tariff had been extended to March 
2012, Free Solar PV Company A contacted Neighbour B to inform them that the installation 
could still happen. A surveyor visited their house in the week beginning 23 January 2012. On
83
Saturday 4 February 2012, the researcher’s father asked Neighbour B whether they were 
having an installation done and he said ‘Hopefully.’ Eventually, Neighbour B had 16 panels 
installed by two men on the week beginning 6th February 2012. Figure 12 shows all three 
solar PV installations after a snowfall event.
3.3.2 Predicted versus actual performance
An analysis of the actual versus predicted performance of the researcher’s parents’ solar PV 
system is presented below.
The annual PV generation (November 2011 - October 2012) was in line with PVGIS 
prediction software (98% of the prediction) -  see Figure 11. Over a third of electricity (35%, 
980KWh) was saved in 2011 / 2012 (Sept to Sept) compared to the previous years' bill 
(Tables 15 and 16). The cost savings were not as much (70% of electricity savings), as the 
energy supplier had raised standing charges and pence per kWh in the latest year, but the 
researcher’s parents still saved £91 in the year to September 2012.
This underlines one of the benefits of residential solar PV as a means to insure against rising 
energy costs.
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Table 15 Summary of six-monthly electricity bills at the researcher's parents’ house
Electricity use period Units of 
electricity 
used 
(KWh)
Cost (£) Notes (Southern Electric General 
Domestic tariff. Bill based on actual 
meter readings.)
5 April 2012-27 Sept 
2012
628 £107.52 628 units at 12.06p each - £75.74. Standing 
charge at 17.73p for 181 days - £31.20.
Plus Monthly Direct Debit Discount credit - 
£4.54. VAT at 5% -£5.12 .
30 Sept 2011 -4 April 
2012
1183 £175.81 1183 units at 12.06p each - £142.67. 
Standing charge at 17.73p for 188 days - 
£33.33. Less Monthly Direct Debit discount - 
£8.56. Includes VAT (5%) - £8.37.
29 Mar 2011 -29 Sept 
2011
1051 £148.35 1012 units at 11.52p each -£116.58 
Standing charge at 13.72p for 170 days - 
£23.32. 39 units at 12.06p each from 14 Sep 
2011 - £4.70. Standing charge at 17.73p for 
16 days - £2.84. Less Monthly Direct Debit 
Discount - £6.14. VAT at 5% - £7.05.
29 Sept 2010 - 28 March 
2011
1739 £225.90 1739 units at 11.52p each - £200.33. 
Standing charge at 13.72p for 181 days - 
£24.83. Less Monthly Direct Debit Discount 
- £10.01. VAT at 5% - £10.75.
Sept 2011-Sept 2012 1811 £283.33
Sept 2010-Sept 2011 2790 £374.25
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Table 16 Summary of summer, winter and annual savings in electricity
Summary of savings Electricity use 
(KWh)
Cost (£)
Absolute saving, summer 2012 vs summer 2011 -423 -£40.83
% saved 40.2 27.5
Ratio of cost saving to electricity saving 0.68
Absolute saving, winter 2011/2012 vs winter 2010/2011 -556 £283.33
% saved 32.0 22.2
Ratio of cost saving to electricity saving 0.69
Annual saving, Sept 2011- Sept 2012 vs Sept 2010 - Sept 
2011
-979 -£90.92
% saved overall 35.1 24.3
Ratio of cost saving to electricity saving 0.69
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Figure 11 Actual vs predicted PV performance at the researcher’s parents’ house
Actual vs predicted PV performance, at 23 Donnington Drive,
November 2011 - October 2012
500
450
2 400
I  350
Actual generation 
S'SAP 2009 prediction 
■  PV G iS  prediction
Nov-11 Dec-11 Jan -12 Feb-12 Mar-12 Apr-12 May-12 Jun-12 Jui-12 A ug-12 Sep-12 Oct-12
Figure 12 Adjacent free solar PV installations on the researcher's parents' road 
following snowfall. The researcher's parents' house is the second from the right
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3.3.3 Interview with Free Solar PV Company A and additional information
Free Solar PV Company A was interviewed as part of the semi-structured installer 
interviews, for which the methodology is discussed in Chapter 4.
The parent company of Free Solar PV Company A were set up to supply energy-saving 
solutions to clients in social housing (Registered Social Landlords) through deals with 
housing authorities. But this parent company did not have a consumer facing capacity. Free 
Solar PV Company A was therefore created to target the owner-occupier market.
Two-thirds of Free Solar PV Company A’s 7,000 solar PV installations were fitted south of 
the M4, including south Wales. They had a northern limit: they did not install north of Hull or 
Chester. From day one they wanted to have a national installation capacity, which meant 
that from sub-contracting was essential from the outset. Another business which installed 
free solar PV (Free Solar PV Company B) were established before Free Solar PV Company 
A, and operated on a different business model whereby all services were delivered in-house 
with a very tight geographic focus -  e.g. within an hour of a junction of the M1.
The parent company of Free Solar PV Company A was used for site surveys and 
installations up to 12 December 2011. After this time, the staff in the parent company who 
provided these services were offered voluntary redundancy. In January 2012, when it looked 
like the Feed-ln Tariff for residential solar PV would continue at the higher rate, they had to 
look beyond parent company, and had to bring in 15 other contractors to fit 2,000 
installations. The 350 staff or so that Free Solar PV Company A employed directly were 
mainly sales and back-office staff. After March 2012, they installed 70 systems through 
direct sales, but as they had no capacity to install themselves and with declining Feed-ln 
Tariff (FIT) rates, they decided they had no market to continue this activity.
The interviewee from Free Solar PV Company A also completed the repeat survey (see 
Chapter 6). They implemented a business model which was very dependent on 
incentivisation through the Feed-ln Tariffs, because free solar PV was not a good business 
proposition for them once the FITs for this technology were halved from April 2012. 
Afterwards, hundreds of directly employed staff and sub-contractors working on core 
installation or related work were laid off, so that the business consisted of just 10 core 
members of staff, and 10 maintenance sub-contractors. The interviewee wrote the following 
comment in the repeat survey:
"At our peak we employed approximately 350 people and sub-contracted work to several 
hundred more. Now we employ approx [s ic ] 10 staff and are doing no new installations. 
Maintenance of existing systems is subcontracted and employs approx [s ic ] 10 FTE's [full­
time employees]. The changes are entirely due to the changes to the FIT policy and lack of 
timely/credible implementation of the Green Deal. "
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3.3.4 Free solar PV: Conclusions
The performance of the researcher’s parents’ solar PV system has been satisfactory, and 
other than a small issue with the meter early on which was rectified through a telephone call 
to Free Solar PV Company A, there has been no need for maintenance from October 2010 
to December 2013. However, it has not been possible to obtain an overall summary of the 
performance of Free Solar PV Company A’s 7,000 installations. This case study also sheds 
light on only one free solar PV company, albeit a big player in the solar PV installation 
market. Unfortunately, an interview with Free Solar PV Company B could not be arranged. 
But in the case of Free Solar PV Company A, its business model was designed around 
extensive sub-contracting of design and installation, which raised the risk of poor installation 
standards. This may run counter to the principle that a free solar PV business whose 
ongoing revenue stream depended upon maximization of Feed-ln Tariffs should have 
equally been ensuring the maximization of generation across all of its installations. In 2012, 
Free Solar PV Company A sold off all 7,000 of their installations to an insurance company 
for £100 million. They retained only a core of administrative and ten maintenance staff. The 
maintenance function was also passed to the responsibility of the insurance company. 
Whether or not this occurred due to the sudden halving of the Feed-ln Tariff, the net effect 
has been that a business model which should have been working to maximise the 
performance of solar PV, has had to pass on this responsibility to a different and uncertain 
business arrangement with the upkeep and maintenance of systems sub-contracted by an 
insurance company. Although no data was obtained from Free Solar PV Company B, it is 
possible to speculate that their more local, in-house business model entailed a lower-risk of 
sub-standard installations and, as the business is still in existence, a higher likelihood of 
ensuring that the ongoing performance of installations is maximised.
3.4 ESCO model - Brookwood Farm
The final case study makes use of a separate study of 12 houses in Brookwood, Woking, 
which were monitored for energy use and energy production by the researcher, to compare 
the actual performance of microgeneration technologies, mainly solar PV, versus predicted 
performance. The houses were built in 2010 to Code for Sustainable Homes Level 5, and 
were subject to high construction standards and high levels of investment. The development 
was innovative in the sense that it was the first to achieve Code Level 5 whilst being 
designed to have a conventional appearance, thereby lending it mass market potential. The 
site was managed by or on behalf of Thameswey, an Energy Services Company (ESCO) 
which runs the private wire network across Woking, linking a range of renewable energy 
installations across the town.
Building-integrated PV tile generation on the 12 houses was monitored versus that predicted 
by the installer and PVGIS. As well as measuring solar PV generation, solar hot water
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production and e lectric ity export w as m onitored at the two largest, five-bed houses. 
M onitoring o f these system s com m enced in A ugust 2010.
The site layout show ing the building locations and PV tiles is presented in Figure 13. The 
north orientation is indicated. The roofs o f Houses 7 to 10 have the m ost optim al south 
orientation in term s o f PV e lectrical energy generation.
Figure 13 Plan layout of Brookwood Farm site showing areas of PV tiles (in grey)
Brookwood Farm
5-bedroo6i 
I Houses I
!  i  !
3-bedroom
Houses
2-beciroom Svwtcb
Room
Figure 14 Three bedroom houses at Brookwood Farm and PV tiles installed on west 
and east facing roofs
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3.4.1 PV performance
The Nu-core solar PV tiles (Figure 14) are 1200mm x 400mm in size but have a 100mm 
overlap between the tiles, which means that the exposed area of each tile is 0.36 m .^ 
However, the actual area of the PV cells is 78% of the exposed area. The efficiency of the 
Nu-core PV tiles was stated by the manufacturer at about 11.5%, which is the conversion 
from solar radiance to electrical energy based on the total exposed area of the tile (or 15% 
based on the PV cell area). The next generation of PV tiles are stated as being 2% to 3% 
more efficient than those installed.
In Table 17, the cumulative PV electrical energy collected over the two full years from 
August 2010 to July 2012 is presented. The predicted annual PV generation was based on 
information provided by the installers of the Nu-core tiles. For the first year, the total PV 
electrical energy generated was 101% of the predicted total for the year, allowing for two 
missing months for Houses 13 and 14, which were only operational from October 2010. For 
Houses 11 and 12, the ratio of the actual to the predicted annual PV generation was as high 
as 1.16.
Problems were experienced with Houses 2, 8 and 10 in the first year and then in addition. 
Houses 4 and 13 showed a loss of performance in the second year. The performance of all 
these houses fell below the generation of the other houses by 20 to 30%. The total 
generation in the second year of operation was 18% below that of the first year. This was 
attributed to an 8% reduction in solar radiance between the two years and a 10% average 
loss of performance (due to the 5 out 12 malfunctioning solar arrays).
Nevertheless, the electrical energy generated by the two- and three-bedroom houses was 
about 2,700 kWh per year, which is 7.5 kWh/day on average. For the five-bedroom houses 
(13 and 14), the total electrical energy generated was 4,400 kWh per year or 12 kWh/day on 
average.
Generation was lowered by string failure in three systems after their installation, a problem 
which was rectified by the installer. Between 22 October and 12 November 2010 four PV 
systems were found to have tripped, leading either to limited or complete loss of generation 
during that period. This switch was re-set during the manual meter reading, and did not 
recur, but it shows that the systems can be sensitive to power surges or other effects which 
have to be carefully monitored. A ‘tripped’ PV system is then not exporting electricity, which 
may not be realised for several weeks, even where the systems are being actively 
monitored.. A fifth system in this period was found to have zero generation, but no 
explanation was found for this (the system generated again after 22 November without any 
intervention). It is possible that an electrical grid surge may have led to systems tripping.
Trip switches and PV meters were located in an external cupboard beside the front door of 
each house (or on a side-wall of the five-bedroom houses), which could be opened by a key 
supplied to the monitoring team. As such, the meters and switches were not accessible to
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Table 17 Summary of electrical energy generated by PV tiles from August 2010 until 
June 2012
House Nos. and No. 
of bedrooms
PV Energy 
Prediction 
kWh per year 
(per house)
PV Energy 
Generation kWh PV tile area 
(per house)8/2010 to 
7/2011
7/2011 to 
6/2012
1 12 
3 bedroom semi 2645
2734 2555 16.6m^ -b o th  E 
and W facing. 
Total = 33.2m^2108 (77% o fl.)
1945 
(76% of 1.)
3 /4
3 bedroom semi 2645
2773 2535 16.6m^ -  both E 
and W facing. 
Total = 33.2m^2989 1815 (72% of 3.)
7 /8  
2 bedroom semi 2689/2820
2971 2841 15.8 m ^ -  8 facing
15.8 m ^ -  E or W . 
Total = 31.6m^2362 (80% of 7.)
2130 
(74% of 7.)
9 / 1 0  
2 bedroom semi 2689/2820
3219 2853 15.8 m^ -  8 facing
15.8 m ^ -  E or W. 
Total = 31.6m^2728 (85% of 9.)
2149 
(75%> of 9.)
11 / 1 2  
3 bedroom semi 2645
3089 2671 (6 Jun -  
28 May)
16.6m'‘^ -  both E 
and W facing. 
Total = 33.2m^3020 1919
13
5 bedroom detached 4683
4482* 3504 
(79% of 14.)
41.7 m ^ -  E facing
15.8 m^ -  W facing 
Total = 57.5m^
14
5 bedroom detached 4683
4355* 4448 41.7 m ^ - W  facing15.8 m ^ -  E facing 
Total = 57.5m^
TOTALS 36,254 kWh 36,830 kWh 31,369 kWh
101% of prediction 
in 2010/11 and 
86% in 2011/12
"PV not measuring on Houses 13 and 14 until 13 Oct 2010
residents. In any case, they would not necessarily have known how to read the meters or to 
reset switches if a trip had occurred. Because they could not access meters and switches, 
residents could not know whether the PV system on their house had stopped generating, 
and even if they could have deduced this from the meter, they would not have known that 
they needed to reset one of four switches. And as in most cases the problem was of partial 
generation rather than a complete loss of generation, residents would not necessarily be 
able to judge what the generation should be compared to what it was. In fact, when the 
University of Surrey interviewed some of the householders in 2012, the residents at House 4 
had no idea that their solar PV tiles were underperforming by around 25%. This was 
particularly ironic, given that these residents had made deliberate efforts to save energy and 
had one of the lowest electricity consumption figures of any house in the development.
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A final m onitoring update w as conducted at Brookwood Farm in sum m er 2013. In 
2012/2013, the actual annual PV generation was at least 100% o f the classic PVGIS 
prediction in ju s t seven o f the tw e lve houses at Brookwood Farm, a lthough House 10’s PV 
array had been perform ing approxim ate ly  80% below  its prediction in 2011/2012. F igures 15- 
17 group PV generation and two predictions (from the insta ller and from classic PVG IS) by 
house-size.
W hile in 2012/2013 House 11 w as still operating at above 90%  o f the c lassic  PVGIS 
prediction. House 13 w as perform ing below  50% , House 4 jus t above 50%  and House 2 
below  60%. All th ree latter plots had experienced sign ifican tly  declined perform ance since 
2011/2012. House 8 perform ed at below  four-fifths o f its prediction in both years.
Overall energy and carbon-savings from  m icrogeneration a lso depend upon the exten t and 
tim ing o f e lectric ity consum ption in hom es. The m onitoring study did not assess the tim ing o f 
e lectric ity use in relation to PV generation. Nevertheless, it w as found that the average daily 
e lectric ity consum ption varied greatly across the houses at Brookwood Farm in the 2011 / 
2012 and 2012 / 2013 m onitoring periods, w ith the h ighest e lectric ity  use at House 9 being 
over three tim es tha t at Houses 1 and 4 (see A ppendix E). Houses 7 and 13 recorded 
sign ificantly reduced e lectric ity consum ption in 2012 / 2013, which may be due to a change 
in occupancy and the sole householder fa lling ill respective ly.
Figure 15 Daily rate of PV generation and predictions at Brookwood Farm two- 
bedroom houses: annual comparison
10
'Installer annual 
prediction
Classic PVGIS annual 
prediction (June to May)
Actual generation, 
23/05/2011 - 
28/05/2012
Actual generation. 
28/05/2012 - 
04/06/2013
House 7 House 8 House 9 House 10
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Figure 16 Daily rate of PV generation and predictions at Brookwood Farm three- 
bedroom houses: annual comparison
House 3
■Installer annual 
prediction
■Classic PVGIS 
annual prediction 
(June to May)
' Actual generation, 
23/05/2011 - 
28/05/2012
Actual generation, 
28/05/2012 - 
04/06/2013
House 1 House 2 House 4 House 11 House 12
Figure 17 Daily rate of PV generation and predictions at Brookwood Farm five- 
bedroom houses: annual comparison
16
14
•Installer annual 
prediction
■Classic PVGIS 
annua! prediction 
(June to May)
■ Actual generation, 
23/05/2011 - 
28/05/2012
Actual generation, 
28/05/2012 - 
04/06/2013
House 13 House 14
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3.4.2 Solar hot water production
It was only possible to measure energy production from the solar thermal units on the five- 
bedroom houses during some of the monitoring visits. From November 2010 to November 
2011, the heat generated was approximately 2.4 kWh/day for Plot 14. The data for Plot 13 
was not collected as often but this was determined to be about 1.4 kWh/day. In the summer, 
the heat generated from Plot 14 was 3.3 kWh/day and in the winter, this reduced to 1.4 
kWh/day. This shows that the energy production in the summer months was about 2.4 times 
that in the winter months and also that two similar houses produced up to 40% different solar 
thermal energy. This is despite the surface area, tilt and orientations of the two panels being 
identical: each solar thermal panel area was 2.6m^, with a 37° tilt, and situated in an optimal 
south-facing direction. The average solar thermal heat generation is equivalent to an 
average output of 105 W/m^ per unit area in the summer months. This is over three times 
the equivalent energy output of the PV panels per unit area. In the mid-summer period, the 
total solar thermal energy generation for water heating was about 12% of the PV electrical 
energy generation for the 5 bedroom house.
3.4.3 Problems with installer communication and maintenance
Although the Initial string failure in three PV systems was repaired by the installer, the 
problems of reduced output from five PV arrays had not, to the researcher’s knowledge, 
been resolved. This is despite the installer being informed about this on a number of 
occasions. Eventually, Thameswey, the Energy Service Company, contacted the 
manufacturer who agreed to inspect the problematic systems. However, despite their 
inspections, it is clear from the monitoring data that nothing had been done to rectify the 
underperformance. One of the residents at Brookwood Farm complained that he had 
contacted Thameswey and the installer of the solar PV and solar thermal to obtain the 
manufacturer warranties. He had been able to obtain the warranty for the solar PV inverter, 
but not for the solar PV tiles or for his solar hot water system. The installer had informed him 
that no maintenance was required for these systems. This homeowner added that it would 
have cost him £169 to maintain the solar heating system through an annual contract with the 
supplier, cancelling out the financial gain from the energy savings.
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4. Methods
4.1 Introduction
The previous chapter sets out some case studies of microgeneration performance 
monitoring and experiences of installers with contrasting business models. The accumulated 
knowledge of these case studies has helped to inform the methods underpinning the core 
research presented in this thesis. A mixed-methods approach has been taken to address the 
three principle research objectives set out in Tables 1-3 in the Introduction chapter. The 
components of this mixed methods strategy are three web-surveys, semi-structured 
interviews with microgeneration installers, and the case study research presented in Chapter 
3.
Mixed-methods procedures have advantages over the use of qualitative or quantitative 
approaches alone, particularly in obtaining greater insight and a more comprehensive 
interrogation of research questions (Creswell, 2009). Nevertheless, mixed-methods 
approaches are necessarily more time-consuming, requiring mastery of both quantitative 
and qualitative procedures of data-collection and analysis (Creswell, 2009). Multi-methods 
approaches have also been recommended for the purposes of triangulation (Flowerdew & 
Martin, 1997; Bryman & Bell, 2007). However, triangulation is less applicable as a 
methodological concept here because the main and repeat surveys were sent to the same 
sample of microgeneration installers, while the interviewees were mostly selected from this 
sample too.
Table 18 Research methods -  Basic timetable including case studies
Dates Method
May 2011 - Jun 2011 Pilot web survey
Oct 2011 - Dec 2011 Main web survey
Jul 2012-O c t2012 Semi-structured interviews
O ct2012-N o v 2012 Repeat web survey
Mar 2011 - Mar 2013 Case study 1: Surrey Green Homes and Godalming solar 
PV adopters
Oct 2011 - Mar 2013 Case study 2: Free solar PV in the Isle of Wight
Aug 2010 - Mar 2013 Case study 3: Brookwood Farm solar PV and solar hot 
water
The approach to the case studies has been outlined in Chapter 3. This chapter describes the 
methods employed for the core survey and interview research. The core methodology of the 
thesis employs an approach similar to what Creswell (2009) terms a ‘sequential explanatory 
strategy’, whereby a first stage of quantitative data collection is followed up and augmented
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by a second qualitative data collection phase. The balance of the research evaluation is 
towards the quantitative results, with the qualitative findings used to explain and interpret 
statistical relationships observed from the numerical data. It has been argued elsewhere that 
surveys generate statistical data which can be used to formally test hypotheses, but cannot 
be used to identify cause and effect. To do this, qualitative interviews are better suited 
(Schoenberger, 1991; McDowell, 1992; Schoenberger, 1992). An alternative mixed methods 
research design is the ‘sequential exploratory strategy’, in which the qualitative data 
collection is given more weight and precedes the quantitative phase. However, this is a 
much more focused approach, and would not permit the interrogation of a generalized 
market analysis of microgeneration installers which has been obtained through an initial 
quantitative survey. This thesis actually combines elements of both the sequential 
explanatory and exploratory strategies, because the qualitative interview phase has been 
used to inform the design of a subsequent repeat survey.
In summary, a survey of UK microgeneration installer businesses registered to the 
Microgeneration Certification Scheme was designed and implemented. This survey was 
optimized and sent to 2029 installers following a pilot survey which yielded a surprisingly 
high response from 71 installers out of 235 contacted (Figure 18). The 317 installers who 
responded to the main survey were asked if they would be amenable to an additional semi­
structured interview, and interviewees were selected based on willingness to participate 
whereby an illustrative sample was drawn (Flowerdew & Martin, 1997) from a range of 
installer business models. The main survey enabled basic exploratory questions to be 
addressed about the nature of installer business models, and included questions requesting 
information on rates of microgeneration uptake in homes, proxy data for installation 
standards and the influence of installers on energy and carbon saving from microgeneration. 
The semi-structured interviews aimed to generate more detailed answers from installers and 
evaluate their survey responses to understand the reasons why their business models 
operate as they do, and implications for rates of uptake, standards of installation and 
ongoing energy and carbon savings. Finally, a repeat survey was sent to 366 respondents of 
the previous surveys to evaluate market change In 2012 compared to the previous two 
years.
Figure 18 Chronology of response rates to all three Installer surveys
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First date / time o f survey mail outs:
Pilot survey - 9 June 2011, 4.41pm;
Main su rve y - 12 O ctober2011, 9.38am;
/ r
0 &r
'1 s t reminder: 19:11 
.  #>*
2nd reminder: 
12:37
2nd reminder: 12:57
DECC announcement o f solar 
_ FITS cut and consultation
1st reminder: 08:12
I
/
3rd reminder; 
12:07
■r
3rd reminder: 
07:31
' Main survey - 
317 responses
I P ilot survey - 
71 responses
Repeat survey 
- 115 
responses
Days after survey first emailed to respondents
4.2 Rationale for selection of microgeneratlon technologies to focus thesis on
M icrogeneration insta ller businesses can register th rough the M icrogeneratlon C ertification 
Schem e (M CS) to be certified to install the technologies listed in Table 19, which also need 
to be recognised through the schem e as certified products (MCS, 2013). Table 19 show s the 
num ber o f these certified products, fo r each technology type, in O ctober 2010 and January 
2013. The num bers m ay be underestim ates in som e cases, as they are drawn from  the MCS 
website, w here m ultip le m odels are som etim es counted as one product in the tota ls. As the 
inform ation has been extracted d irectly from  the MCS w ebsite  it m ight not reflect precise ly 
the situation at O ctober 2010 and January 2013 respectively. Nevertheless, it does provide 
an indication o f the relative m arket penetra tions o f m icrogeneratlon technologies.
The num ber o f certified products in O ctober 2010 form ed one criterion fo r deciding which 
technologies to focus the thesis on: a m axim um  o f five technologies w as considered to be 
m anageable. In practice, the surveys ask for data on all MCS technologies to capture  an 
overview  o f the full extent o f the market, and the context w ithin which the five  selected 
technologies can be evaluated. In O ctober 2010, the five m ost prevalent fo rm s o f 
m icrogeneratlon ranked from  highest to lowest by num ber o f certified products were: so lar 
hot water, so la r PV, ground source heat pumps, a ir source heat pum ps and biom ass. The 
dom inance o f so la r hot w ater is consistent w ith m arket research into the sector shortly  prior 
to this tim e (Bergm an & Jardine, 2009; Bergm an & Eyre, 2011), w ith so la r PV m anufacturers 
starting to gear up tow ards introduction o f Feed-ln Tariff from  1 April 2011.
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By January 2013, the relative balance of products by technology type reflects considerable 
market change in the intervening period, and can be used to evaluate the selection of 
technologies with the benefit of hindsight. Following the introduction of the Feed-in Tariff, 
solar PV has become by far the most prevalent form of microgeneratlon with thousands of 
certified products, with air source heat pumps having the next highest number of products. 
The number of certified biomass products has doubled to match that for ground source heat 
pumps. Solar hot water and micro-wind penetrations have declined dramatically, which also 
reflects literature on change to these technologies. Micro-CHP and micro-hydro remain very 
emergent markets. The five technologies chosen in this thesis for detailed research match 
those five with the highest number of products, but this is not the sole reason why they were 
selected ahead of alternatives.
Table 19 All types and quantities of certified products recognised through the 
Microgeneratlon Certification Scheme
Certified product Number of different product 
models certified on 28 
October 2010
Number of different product 
models certified on 15 
January 2013
Air Source Heat Pumps 248 543°
Biomass 194 385°
Exhaust Air Heat Pumps 7 8
Ground Source Heat Pumps 334* 362°
Small-Scale Hydro 7° 16
Micro CHP 1 4
Solar PV 527° 8,856°
Solar thermal 1,206° 70°
Wind 99° 24
Notes:
^Includes 176 products which are in transition to become certified and are not fully certified yet.
‘^ Includes three products registered to the Clear Skies Programme and four products in transition to 
full MCS certification.
°This figure is an underestimate. Some products have more than one model or multiple models of 
different generation / production capacity registered to the same manufacturer. Other manufacturers 
register separate models as separate products.
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This figure is an underestimate. Some products have more than one model or multiple models 
registered to the same manufacturer. 1155 of the 1206 registered solar thermal products are 
registered through the Solar Keymark Scheme (Solar Keymark Scheme, 2010).
°Most of these products are in transition to full certification (Only three are fully MCS certified).
Source: MCS, 2010; MCS, 2013
This research focuses on the following microgeneration technologies: air source heat 
pumps, ground source heat pumps, micro-combined heat and power (micro-CHP), solar PV 
and solar thermal (Table 20). This selection reflects an attempt to capture a diversity of 
business models whilst still permitting sufficient attention to be given to each. Detailed 
technology by technology reviews available in Element Energy (2008b) and Staffell et al. 
(2010) were consulted.
Table 20 Selected microgeneratlon technologies
Microgeneratlon technology (sized for 
households)
Reasons for inclusion in research
Air source heat pumps Heat pumps are considered to be 
complementary with a highly electric future 
(MacKay, 2009).
Advantages over ground source heat pumps 
in that require less garden space (Element 
Energy, 2008b; Staffell et al., 2010), but they 
perform less efficiently (Energy Saving Trust, 
2010; Miara et al., 2011)
Biomass Chosen ahead of micro-CHP which is still 
very market immature, and micro-wind which 
is highly geographically limited, and best 
located in exposed, rural locations (Encraft, 
2009; Energy Saving Trust, 2009).
Ground source heat pumps Heat pumps are considered to be most 
complimentary with a highly electric future 
(MacKay, 2009).
More constrained for deployment than air 
source heat pumps due to space constraints 
and disruption caused by installation 
(Element Energy 2008b, Staffell et al., 2010), 
but achieves higher performance efficiency
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over a full year (Energy Saving Trust, 2010; 
Miara et al., 2011).
Solar PV Most microgeneration installed in homes 
after the Feed-in Tariff was introduced in 
April 2010 was solar PV.
Solar thermal Most microgeneration installed in homes 
before the Feed-in Tariff was introduced in 
April 2010 was solar thermal.
Micro-wind was not selected given low public confidence due to poor performance in urban 
areas as illustrated through two independent UK field trials (Encraft, 2009; Energy Saving 
Trust, 2009), while micro-CHP remains very market immature as noted before, and there 
simply would have been insufficient numbers of installers or products to survey. Biomass 
was selected as the fifth microgeneration technology to focus on, but it is most cost-effective 
and sustainable in off-grid, rural homes close to a local source of wood fuel. Logs and wood 
chips require a large amount of storage space; even with pellets, storage space is required 
to reduce costs. There is often a high hassle and maintenance factor, with refuelling (unless 
the boiler is automatic pellet fed) and cleaning required on a regular basis (Staffell et al., 
2010). It is recognized nevertheless that lack of universality applies to other technologies 
selected in this study, e.g. heat pumps which are cost-effective only in off-gas grid properties 
(Element Energy, 2008a & b; Committee on Climate Change, 2010), or ground source heat 
pumps specifically due to lack of a garden or sufficient garden space for a ground source 
borehole, or a high level of hassle during installation (Element Energy 2008b, Staffell et al., 
2010).
4.2 Pilot survey
It is normal practice in survey design and implementation to pre-test the survey, prior to 
sending it to the full sampling frame (Presser, et al., 2004). The traditional means of 
achieving this is through a pilot survey of a small selection of the sampling frame. However, 
more recently, cognitive interviewing has been proposed as an alternative or complimentary 
method for pre-testing. In cognitive interviews, favoured by Dillman (2007) for business 
surveys, members of the research population are read out the survey questions face-to-face 
in business locations to gauge the difficulty businesses will have in answering them, whether 
the questions are too confidential, optimally structured or worded. So defined, cognitive 
interviews do not simulate the conditions under which a web survey is actually completed, 
where face-to-face contact does not occur and there is no opportunity for feedback. 
Furthermore, the researcher had no experience in cognitive interviews, and in April 2011 
there were approximately 1,800 certified microgeneration installers, which was sufficient to
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draw two samples: one exclusively for the pilot survey and one for the final survey. A pilot 
web survey was therefore favoured over cognitive interviews.
As it happens, the semi-structured interviews actually fulfilled a function as cognitive 
interviews, because the researcher began many questions by reading interviewees’ survey 
responses to them face-to-face or over the telephone. Respondents were asked to confirm 
or correct selected data. The design of the repeat survey benefited from such feedback in 
the installer interviews, which also served as a way of evaluating the reliability of data from 
all three surveys. With hindsight, it can be said that the pilot and main surveys may have 
benefited from cognitive interviews, just as the repeat survey benefited from the learning 
gained from the semi-structured interviews.
A pilot survey of installation businesses was therefore deemed necessary to optimise the 
survey instrument and ensure that it could effectively address the research aims. A 
reference framework presenting general principles of survey question structure and wording, 
including considerations specific to business surveys, was developed from Dillman (2007). 
This enabled the list of question ideas to be transformed into appropriate structures (e.g. 
open or closed questions) and wording to be optimised in accordance with the principles 
listed in the framework.
A web survey was selected as the primary mode for the survey of microgeneration installer 
businesses. While internet literacy is higher amongst business employees than the general 
public at large (Bryman & Bell, 2007), it was not known to what extent microgeneration 
installer businesses were office-based, and whether email and internet access was limited to 
one or a few employees, especially in smaller businesses. Nevertheless, a web survey can 
enable easier entry of answers where business respondents do have access to a computer 
(although internet literacy may vary, possibly being lower in manual trades employees), and 
easier analysis of responses which have already been inputted electronically (Bryman & 
Bell, 2007). A Slovenian web survey methodology website (Ljubljana, 2008) was 
recommended by Couper, 2011 for its directory of around 200 potential survey design 
software packages, which were searched by desired attributes. Smart Survey was chosen 
from four free or low-cost online survey design websites. While such websites still allow less 
flexibility in question design than open-source approaches (Couper, 2011), Smart Survey 
possessed more of the sought after functionality than alternatives such as Survey Monkey, 
which the researcher had previous experience using^®. Particular advanced features of 
interest included the ability to design matrix tables, with either check boxes, radio buttons or 
a spreadsheet arrangement. The software also enables open ended questions and closed, 
fixed-choice questions to be combined in one survey. Although the capacity to juxtapose 
open-ended and closed question elements in one question is more limited, in closed 
questions this was counteracted by including an open-ended box under ‘Other’ or a similar 
descriptor to this effect.
Smart Survey was also recommended through word-of-mouth by a friend working in the UK Civil Service.
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The researcher attended Ecobuild^^ on 2-3 March 2011 and spoke to several installation 
company representatives, asking them fairly basic questions about their businesses along 
the lines of those likely to be included in the pilot survey. This elicited an insight into which 
questions might work most effectively in the survey, and which might be best deployed in 
semi-structured, face-to-face interviews. 42 separate documents were collected from the 
event, mainly marketing literature from installers, manufacturers and training providers, and 
five seminars attended pertaining mainly to installer skills and training.
The pilot web survey comprised 23 questions (Appendix F), covering the areas shown in 
Table 21, and ending with a space for comments including a question asking how the pilot 
survey could be improved:
Table 21 Question areas in pilot survey, grouped by purpose and research aims
Purpose / research objective Relevant question areas
Context: Establishing 
installer business formation 
and operation I basic 
business models
Installer business age; year business first started installing 
microgeneration; previous industry; business ownership; 
number of employees and proportion working on 
microgeneration; job title and responsibilities.
Research objective 1 :
Impact of installer 
businesses on rate of 
microgeneration uptake in 
homes
Location(s) of business by region; building types of 
installations including non-residential; region of 
installations by each technology accredited by the 
Microgeneration Certification Scheme; number of systems 
installed by technology from April 2010 to March 2011; 
frequency of marketing activities; frequency of payment 
options offered to customers.
Research objective 2:
Impact of installer business 
activities on microgeneration 
installation standards in 
homes
Most common manufacturers and products installed by 
technology; ease or difficulty of recruiting sufficiently 
skilled installers; preferred external training providers; 
internal training provision.
Research objective 3:
Contribution of installer 
businesses to the ongoing 
energy and carbon-saving 
performance of residential 
microgeneration
Most common manufacturers and products installed by 
technology; ease or difficulty of recruiting sufficiently 
skilled installers; preferred external training providers; 
internal training provision.
Ecobulld is an annual, large-scale exhibition and networking event for the ‘sustainable design, construction and 
built environment’ industries hosted in the Excel Centre in London.
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In order to assess how installers affect rates of microgeneration uptake in homes, it was first 
necessary to use the survey to gather data on basic parameters such as age, size and 
previous industry, if applicable. These question areas are grouped together in the first row of 
Table 21, under ‘Context’. The other questions in the pilot survey are grouped by each of the 
three overall research objectives. The pilot survey was kept relatively short to maximize the 
response rate (Couper, 2011; Greer, et al., 2000). Therefore, the survey design focused on 
those quantitative variables that could most effectively be analysed through statistical 
correlation tests. Essentially, the questions grouped under context are the independent 
variables, and those grouped under Research Objective 1 are dependent variables, all 
amenable to cross-tabulation, chi-squared and Fischer exact tests (See Chapter 5). For the 
pilot, the questions under Research Objectives 2 and 3 were more limited, as the original 
plan was to evaluate these objectives mostly through the installer interviews, case studies, 
and additional interviews with a wider spectrum of microgeneration actors, time permitting.
The design of the web survey benefited from attendance at an Economic and Social 
Research Council training course entitled ‘Applied Social Surveys -  Designing Effective Web 
Surveys in London’ from 26 to 28 January 2011. This course focused particularly on the 
presentation of web survey questions and effectiveness of different tools commonly available 
in web survey software (e.g. radio buttons, check-all-that-apply boxes, matrix questions, 
navigation buttons, save and continue later buttons, use of instructions in questions, 
introductory email and mixed-mode approaches)"'®.
A random sample of 300 businesses from the list of certificated businesses on the 
Microgeneration Certification Scheme website was selected. This reflected concerns at the 
time that the pilot web survey needed to generate sufficient responses to determine the 
suitability of design, question wording and structure, the extent of item non-response, break- 
off rates and impact on overall response rates. It was anticipated that the survey needed to 
be sent to several hundred businesses to achieve this -  for example, a 21 question web 
survey (including an 11 question matrix table question) sent to over 1000 businesses and 
organisations for a Masters thesis on microgeneration in London (Moore, 2007) only attained 
a response rate of 4%.
Of the 300 installer businesses selected for the pilot, 65 had no email addresses and in most 
cases no website either, leaving 235 businesses to email the survey to. On 3 June 2011, an 
identical pre-notification letter, printed on Centre for Environmental Strategy”'® letterhead and 
signed by the researcher, was posted to all of them. An initial postal contact has been shown 
to raise response rates across a range of survey research according to Couper (2011), 
although a study by Greer et al. (2000) found that pre-notification had little effect on survey 
response. Dillman (2007) argues that it may be better to use smaller sampling frames if this 
will help to maximise overall response rates and therefore validity of the findings.
The course tutor, Professor Mick Couper, was also kind enough to provide half-an-hour’s personal feedback on 
the researcher’s draft questionnaire after the course’s conclusion (Couper, 2011).
The researcher’s department in the University of Surrey.
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The pilot survey was emailed to all 235 businesses on Thursday 9th June, at 4.40 pm, using 
the Smart Survey software. Three reminder emails were sent to non-respondents, on the 
following dates and at the following times (see Figure 18): Monday 20th June, 7.11pm; 
Wednesday 29th June, 12:57 pm; and with 36 hours to the final deadline, on Thursday 7th 
July, 12:07 pm. 72 responses were received from the total of 235 businesses emailed. This 
corresponds to a response rate of 31% of those e-mailed, or 24% of all 300 businesses in 
the original random sample. The pre-notification letter and initial e-mail invite elicited 32 
responses or 13.6% of all e-mailed businesses. The 1st reminder raised this to 48 (20.4%). 
The 2nd reminder brought another 10 responses - 58 (24.7%). The 3rd reminder was sent 
out just after midday on the penultimate day of the survey, and all but one of the 14 
responses that resulted were received on the same day.
4.3 Main survey
Following evaluation of the pilot survey, questions on ease or difficulty of recruitment and 
internal training were removed as these proved less meaningful in analysis of the pilot 
survey. In the pilot survey, all 71 respondents answered Question 18 (see Appendix F) on 
difficulty or ease of recruitment, but 20 respondents chose ‘neither difficult nor easy’ option. 
There are a number of potential causes of measurement error in this question. For example, 
it is not clear what technology it applies to, what is meant by ‘adequate specialised training 
and skills’ and it is otherwise subject to perceptions. With respect to Question 21 (Appendix 
G), 42% of 70 businesses said they did run their own internal training courses, but it is 
unclear what form these courses take, what the training is in, or whether it includes on the 
job training.
The pilot survey proved fairly quick for respondents to answer, while clearly erroneous or 
inconsistent responses were relatively minimal. At least 51% of respondents completed the 
pilot survey in under 10 minutes, 69% in under 15 minutes, and 82% in under 20 minutes^®. 
For this reason, the main survey was lengthened compared to the pilot, in an attempt 
address more areas under Research Objectives 2 and 3 (Table 22). The main survey 
consisted of 31 questions (Appendix G). In summary, questions were added to those of the 
pilot survey on: previous experience of respondents; whether respondents had founded their 
business; sub-contracting of design, installation and maintenance; and guarantees / 
warranties / maintenance contracts. The question on numbers of installations by technology 
from April 2010 to March 2011 was supplemented by a parallel question for installation 
numbers from April to September 2011. A parallel marketing question was added to 
determine success of marketing approaches in drawing residential customer enquiries.
The Smart Survey software automatically records the completion time for each participant.
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If businesses started installing microgeneration in a subsequent year to that of their creation, 
Question 4 in the pilot survey (Appendix F) asked what industry they worked in before. It was 
considered useful to know the previous experience of respondents (particularly as most in 
the pilot survey were directors or managers) and whether they had set up the business in the 
first place. Additionally, only 4 of the 71 businesses who responded to the pilot were owned 
by another company. However, it was still useful to confirm this situation (which may be 
changing over time) with potentially a much greater sample size in the main survey. Most 
installers surveyed in the pilot fitted microgenerators which had been manufactured by other 
businesses, inferring a supply-chain relationship between installers and manufacturers. 
However, the pilot did not capture the extent of sub-contracting, particularly regarding 
design, installation and maintenance. Additionally, it was decided to use the main survey to 
establish the extent to which installers offer maintenance contracts and warranties on 
residential customers. The semi-structured interviews with installers could then be used to 
ascertain what these contracts and warranties actually cover. The Microgeneration 
Installation Standards on solar PV and thermal systems do not require a guarantee of 
minimum performance from installers (DECC, 2008; DECC, 2009), meaning that these 
companies only have to ensure that systems are operating.
Given the frequency of 10% as a selection for Q.8 on approximate proportion of employees 
working on microgeneration, and the potential measurement error for larger businesses, a 
5% category was included in the main survey as well as 0% and 10%.
Two potential new questions on turnover/profit/targets and perceived source of 
competence/competitive positioning were not included in the end. On financials, there is the 
issue of confidentiality, while asking for future annual targets for installations by technology 
would have made the survey still more time-intensive and would not actually have provided 
any concrete data, when it is not known how targets have been set (or just made up on the 
spot). On how the business adds value and positions itself competitively beyond the 
requirements of the Microgeneration Installation Standards and REAL Assurance Scheme, it 
was felt that this, alongside financials, was an issue that could be better explored through 
interviews.
Table 22 Question areas in main survey, grouped by purpose and research aims
Purpose / research objective Relevant question areas
Context: Establishing 
installer business formation 
and operation / basic 
business models
Installer business age; year business first started installing 
microgeneration; previous industry of business if 
applicable; previous experience of respondents; business 
ownership and founding of business; number of 
employees and proportion working on microgeneration; job 
title and responsibilities.
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Research objective 1:
Impact of installer 
businesses on rate of 
microgeneration uptake in 
homes
Location(s) of business by region; building types of 
installations including non-residential; region of 
installations by each technology accredited by the 
Microgeneration Certification Scheme; number of systems 
installed by technology from April 2010 to March 2011; 
frequency and relative success of marketing activities; 
frequency of payment options offered to customers.
Research objective 2:
Impact of installer business 
activities on microgeneration 
installation standards in 
homes
Most common manufacturers and products installed by 
technology; preferred external training providers; extent of 
sub-contracting of site survey, design and installation; 
prediction tools and software used.
Research objective 3:
Contribution of installer 
businesses to the ongoing 
energy and carbon-saving 
performance of residential 
microgeneration
Most common manufacturers and products installed by 
technology; preferred external training providers; extent of 
sub-contracting of site survey, design, installation and 
maintenance; duration of installer and manufacturer 
warranties, guarantees and maintenance contracts, 
prediction tools and software used.
A mailing list of 2,029 installer businesses was compiled manually from a total of 
approximately 3,000^' certified installers on 1 August 2011 (MCS, 2013). This is because the 
Microgeneration Certification Scheme (MGS) would not send out a mailing list on request as 
a matter of policy. A random sample was generated after removing all businesses contacted 
for the pilot from the full list of certified businesses extracted from the Microgeneration 
Certification Scheme website on 1 August 2011.
The main survey was run from October to November 2011. Given that ten times the number 
of businesses were contacted compared to the pilot, on Thursday October, 8.37 am, a 
pre-notification letter was emailed as a pdf to the sample of 2029 businesses, with a 
covering email. The letter was counter-signed by Professor Matthew Leach, the lead 
supervisor, to lend the survey additional credibility and authority. At least 50 email addresses 
returned automatic undeliverable messages. The survey was emailed out on Wednesday 
12''’ October, 9.40 am. A few respondents asked to be removed from the mailing list, and 
they were then deleted from the list within Smart Survey.
The revised web survey was emailed out on 12 October 2011. Three reminders were 
emailed to non-respondents at approximately weekly intervals, although there was an 11 
day gap between the 2"^ and the 3""^  reminder (see Figure 18). The survey was closed on 9
21 According to MCS statistics, there were 2,996 MCS installers in July 2011 and 3,262 installers in 
August 2011. However, this total is likely to be an overestimate as already-registered installers which 
became certified for a new technology have been double-counted (MCS, 2013).
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November 2011. It is possible that emailing a pdf pre-notification letter in advance of the 
survey link may have caused response fatigue, as the 2"^ and 3""^  reminders were the 4"’ and 
5"’ emails that respondents received. This may partially explain a significantly depressed 
response rate of 12% compared to the pilot, another factor being greater survey length and 
complexity (Greer et al., 2000). It is suspected that the predominant cause of a much lower 
response rate was the rush of installers to maximize PV instaliations ahead of the proposed 
FITs cut from 12 December 2011 -  two recipients of the reminder emails suggested that I 
continue the survey after this time (Table 23). To boost the response, the survey was re­
opened on 13 December 2011 after this frantic period of installation activity, with a final 
reminder on 20 December 2011, raising the response rate to 16% (or a total of 317 
responses). Given that most of the data requested by the survey was categorical or 
numerical, and that installers of solar PV, the dominant technology, were likely to have been 
very busy responding to orders during this time, the results should not be affected 
significantly by any bias (for example due to market change) occurring between the 
respective samples obtained from October to early November 2011 and in mid-December 
2011. Including the pilot survey, responses were received from 388 microgeneration installer 
firms. The main survey sample was at least 10 per cent of the total number of installer 
companies accredited through the Microgeneration Certification Scheme on 1st August 
2011. However, it is recognized that the total number of MCS installers increased from 
approximately 3,000 in July 2011 to almost 4,600 by December 2011 (MCS, 2013), when the 
extension to the main survey was closed. Given this and the presence of some double­
counting in MCS installer statistics, it is difficult to place an exact figure on the 
representativeness of the main survey.
Around 300 errors or inconsistencies in the survey data were identified, requiring a lengthy 
data cleaning process during which obvious errors in survey form entry were ‘corrected’, less 
obvious errors marked as uncertain or invalid within SPSS, or otherwise accounted for 
through the analysis. Most of these erroneous entries pertained to the following parts of the 
survey: Questions 12-15 (Inconsistencies in selections relating to technologies); Questions 
16-17 (Inconsistencies between manufacturers and product models entered across both 
questions); Questions 21-22 (Inconsistencies between marketing activities selected in Q.21 
versus Q.22); Question 23 (Frequency of payment options very often wildiy inconsistent with 
number of installations in Qs.15 and 16, indicating a wide-scale misinterpretation of the 
question meaning).
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Table 23 Emails from main survey recipients indicating reasons for non-response
No thank you, th is is not app licable to the w ork we do” .
“Thank you fo r your interest in our com pany. However, we do not install system s fo r the 
general public, only fo r housing developers. They are driven purely by leg isla tion on the 
subject o f Renewables, and seek to do the m inim um  at m inim um  cost. Hopefully th is is o f 
ass is tance.”
After pre-notification email and letter (6 October 2011)
After initial survey email (12 October 2011 )
“ I run a very small com pany and get asked to com plete about one survey every week. I am 
afraid we do not have the tim e.”
“Sorry we are Industria l contractors [survey recip ient] is site based not at our p rem ises.”
“Sorry but too busy to respond.”
“Too busy th is year!!!”
“Thank you fo r your enquiry. W e install 5-1 OkW wind turb ine system s so these are not really 
re levant to the residential sector.”
“W e haven't started to trade yet so will be absta in ing from  the su rvey.”
“ Hi, can you please rem ove us from  your m ailing list. Thanks” .
“Just a short note to let you know tha t [su rvey recipient] is no longer em ployed by [ins ta lle r 
business] theretore  we w ill not be able to take part in your insta ller su rvey.”
“Thank-you fo r the link to your survey. I had a look through it but am unable to  answ er it as I 
have not com pleted a schem e in the tim e scale tha t you are interested in. My firs t hydro 
schem e w as done our se lf’s [sic], privately, two years ago. Since then I have started in [a] 
business installing m icro hydro schem es fo r people. I have one under construction and one 
jus t about to start but none in the tim e fram e you ask. I am sorry I can not be o f more help. 
Yours s incere ly” .
After 1st reminder (19th October 2011)
“W e have taken the tim e in the past to com plete o ther such surveys carried out by o ther 
Universities and institutes such as yours. They have prom ised as part o f the service to 
respond w ith the ir findings as som e sort o f recom pense fo r our tim e taken to com ple te  the 
form . Not once has anybody returned such inform ation, so unfortunate ly we w ill no longer 
give our tim e to such surveys.”
“ I don ’t feel that w e will have enough input to benefit your survey in anyw ay w ha tsoeve r.”
“Thanks fo r the email, I did reply a little while  ago, basically saying that I can't com ple te  the 
survey as I haven't traded yet, I have no figures to input. I have an installation on Friday, 
This being the firs t since starting the com pany. A ll I can say is in Eastbourne, East Sussex,
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the m arket fo r so la r at th is tim e o f the year is v irtua lly  non- ex is ten t.”
“We have only undertaken one dom estic  install o f a 20kW  wind turb ine. S ince the advent of 
FITs our m arket has shifted to the 100kW  scale and above. I don ’t feel we would have much 
to add to the survey and therefore  respectfu lly w ish to decline taking part.”
“The m icro generation industry has new installers m anufacturers w ho lesa le rs and surveys 
daily. They all go on the mes [Microgeneration Certification Scheme] site and sent [sic] out 
m assive em ails it is getting boring. I get about 25 a day! P lease take me o ff your list” .
“Hi R ichard,
As a m atter o f courtesy I acknow ledge your email, BUT being a sm all com pany I rea lly don ’t 
have the tim e to do the survey. I get constant em ails w ith crap (not im plying yours is as 
such!) from  china [sic] and o ther com panies. Being a m em ber o f The [sic] STA [Solar Trade 
Association] and MCS, my data is obviously ‘p im ped ’ around. I only do so la r therm al (hot 
water), I am a heating man orig ina lly  w ho still gets his hands dirty. Can you im agine the 
paperw ork and red tape I have to deal w ith on a day to day basis?? Let a lone being 
constantly postured [sic] by Chinese PV com panies Sorry mate but no chance” .
“SO RRY NO TIM E FOR TH AT” .
“W e do not install residential PV -  so I have no input to add unfortun itly  [sic].”
“’’This survey form s part o f an academ ic research pro ject investigating the extent to which 
insta ller business m odels vary and the ir re lationship w ith the num ber, qua lity and location o f 
home installations across the U K.’ How do you th ink th is w ill help us? W e are a business.”
A fte r 2nd rem inder (27th O ctober 2011)
“thanks [sic], but i [sic] am not interested, can you rem ove my email from  your em ail list, 
thanks [sic]”.
“Sorry 5 m onths o f the so lar industry left, m ust keep fitting !!!!!” .
“Sorry, don 't have tim e to do th is ” .
“W ould YOU PLEASE STOP EM AILING  M E.”
“Bit pointless, the industry is about to go into free-fa ll” [Respondent attached Energy Saving 
Trust document on proposed FITs cut for solar PV from 12 December 2011]
“Apologies, but I thought that I had previously advised that the com pany is not in a position 
to add any substance to the survey due to our lim ited experience o f insta llations because we 
are so new to the industry.”
A fte r 3rd rem inder (8th N ovem ber 2011)
“ I am afraid that insta ller business m odels are now irre levant as the So lar industry will soon 
cease to exist due to the governm ents ' [sic] cuts.”
“You m ay be a la re  [sic] o f the governm ents [sic] recent announcem ent o f changes to FiTs.
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Happy to com plete but you'll get much better feedback a fter 12/12/11 when m ost so la r cos 
[com panies] w ill be less busy.”
“ In the light o f the recent announcem ent by the G overnm ent to  slash feed in ta riff paym ents 
the industry is in turm oil a t present, if you could extend your deadline until a fte r 12th 
D ecem ber I and I'm sure m any others w ill have tim e to com plete your survey.”
Em ails received by respondents after com pleting survey
“Hi R ichard -  I own a sm all So lar PV installation business how ever I have com pleted an 
M BA at K ingston Uni all bar the d issertation therefore  i [sic] am interested in your survey. 
M aybe w e can “hook up” fo r a chat som etim e?”
“G enerally, I never com plete surveys but you have been so persistent that I have ju s t given 
in and filled in your su rvey....”
4.4 Semi-structured interviews
During planning o f the research schedule, the possibility o f interview ing a w ide r spectrum  of 
actors involved in the m icrogeneration sector w as considered, including certifica tion bodies 
and trade associations. It is recognised tha t form al in terview s w ith stakeholders on the 
custom er-side, such as local authorities, housing associations and hom eowners, would  have 
been useful to capture the dem and-side perspective on the prim ary research questions. 
However, such w ork would have form ed extensive research pro jects in the ir own right, 
requiring care fu lly thought out sam pling strategies, w hereas tim e w as only availab le  fo r a 
lim ited num ber o f interviews. Instead, it w as decided tha t there would  be greater va lue in 
focusing on interviews with installers a lone, and running a repeat survey o f insta llers to 
capture m arket change over the year since the main survey. Furtherm ore, as the research 
aim s relate specifica lly to insta ller businesses and the ir operation, it is argued here that 
insta llers are best placed as a source o f inform ation.
Partic ipant observation approaches were considered as a com plem ent to surveys and 
interviews, such as attending m icrogeneration insta llation tra in ing courses, or brokering a 
w ork shadow ing placem ent in a m icrogeneration installation business. In the case o f the 
form er, the expense o f most tra in ing courses m eant a ttendance would be prohib itive, while  
as Brym an & Bell (2007) point out, gaining access to com panies fo r w ork shadow ing can 
often be d ifficu lt to negotiate. M oreover, the researcher’s lack o f techn ical or eng ineering  
background would not enable an accurate  evaluation o f the qua lity o f tra in ing provision, or 
make w ork shadow ing o f installers realistic, although an adm in istra tive  function could have 
been observed.
I l l
Attendance at Ecobuild 2012, specifically seminars and live demonstrations of how different 
microgeneration technologies are installed, helped to inform the installer interview guides. 
Furthermore, the interviews drew on the cumulative knowledge built up from the case study 
research presented in Chapter 3, particularly consumer experiences of installers (Secondary 
analysis of Godalming interviews and researcher visits of Surrey Green Homes) and the 
Brookwood Farm experience of solar PV and solar hot water design, installation and 
maintenance (or indeed, the lack of maintenance that has occurred).
In the main survey, respondents were asked whether they would be willing to participate in a 
follow up interview. All survey respondents who selected ‘Yes’ or ‘Undecided -  I would 
require further information’ were contacted by email between July and August 2012 inviting 
them to take part in such an interview. Follow-up telephone calls were made if necessary to 
finalise dates. Most interviewees had responded ‘Yes’ to the invitation to interview in the 
survey. The only exceptions were three installers who were interviewed but had not 
completed the survey, and were identified independently. The interview stage was 
concluded once relevant research objectives had been explored across a sufficient range of 
microgeneration installer business models, or diversity of installer activities, across different 
parts of the UK. One drawback with the interview sample is that it is mostly a self-selecting 
sample (those who agreed to be interviewed) of a self-selecting sample (who said Yes to 
interviews in the survey) of a self-selecting sample (from all main survey respondents). 
Nevertheless, those who did agree to be surveyed and interviewed were more likely to be 
opinion leaders within the microgeneration industry^^ or possess views which could make a 
contribution to the research. For reasons of minimising travel costs, the aim was to conduct 
around 10 face-to-face interviews in south west, south east England and London, 
complemented by a similar number of telephone interviews with installers based further 
away.
In the end, 22 businesses were interviewed between 20 July 2012 and 15 November 2012 
(Tables 24 & 25). 12 of these were face-to-face, and 10 by telephone. Seven of the face-to- 
face interviews took place at companies based in the South East (the researcher’s local 
region), four in the South East and one in London. The idea of telephone interviews was to 
focus on businesses further afield - two installers in Northern Ireland (where the 
microgeneration incentive structure is different) and eight installers across six English 
regions were telephoned -  including one less accessible businesses in the South West. The 
other interview with a South West-based installer and the interview with a London-based 
business were conducted by telephone in November due to budgetary constraints. A 
potential limitation perhaps is that interviews were not secured with any installers based in 
Scotland, Wales, the North East or Yorkshire & Humber. However, the interview sample 
does not need to be representative, but follows a theoretical sampling approach as outlined 
above.
M . Sexton, personal communication, 8 July 2013.
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All interviews have been recorded using a USB Dictaphone and uploaded onto a laptop. 
Notes were taken during the interviews in case of problems occurring or mistakes made with 
the dictaphone. After each interview, a short memo of observations on how the interview 
went was written, including any notes on valuable points made by the interviewee after the 
dictaphone had been switched off (as suggested by Bryman & Bell, 2011). Sometimes this 
off-the-record information would come across while interviewees gave me a lift back to the 
nearest train station for example, or during a tour of microgeneration installations at or 
nearby the interview location. The interview questions were developed by identifying 
elements of the research objectives not addressed through the survey data. For each 
interview, a pool of fifteen potential questions was usually narrowed down to a maximum of 
twelve, selecting the most relevant based on the interviewee’s survey responses. Each 
question had additional prompts if required. These questions asked about the areas set 
against the research objectives in Table 26.
Table 24 Face-to-face interviews: dates and duration
Business reference Business location Interview date 
(All 2012)
Interview length 
(Mrs : Min)
installer A London 20 July 1:24
Installer B South East 25 July 0:54
Installer C South East 21 August 2:45
Installer D South East 28 August 0:50
Installer E South East 4 September 2:13
Installer F South East 10 September 2:14
Installer G South East 30 October 0:10 (Approx.)
Installer H South East 9 November 1:59
Installer 1 South West 8 August 0:41
Installer J South West 9 August 1:13
Installer K South West 9 August 0:46
Installer L South West 20 August 1:32
Table 25 Telephone interviews: dates and duration
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Business reference Business location Interview date 
(All 2012)
Interview length 
(Mrs: Min)
Installer M Northern Ireland 21 August 0:47
Installer N Northern Ireland 19 October 0:50
Installer 0 North West 11 September 0:55
Installer P North West 5 November 0:30 (Approx.)
Installer Q West Midlands 5 September 0:58
Installer R East Midlands 2 August 0:54
Installer S East England 11 September 1:11
Installer T London 15 November 0:38
Installer U South West 13 August 1:51
Installer V South West 5 November 0:19
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Table 26 Questions areas covered in installer interviews, grouped by research aims
Research objective Relevant question areas
Installer business 
formation and operation / 
basic business model
Reasons for setting up the business;
Ease or difficulty of market entry (Microgeneration 
Certification Scheme);
How responsibilities are split between staff and 
extent of sub-contracting.
Impact of business models 
on rate of microgeneration 
uptake in homes
What technologies companies install, where they fit 
systems (i.e. locally, regionally or nationally), and 
why they have made those choices;
Marketing activities and factors which influence and 
constrain the number of systems they can put in 
homes over a given period of time;
How they have been affected by reductions in the UK 
Feed-in Tariffs and delays to the Renewable Heat 
Incentive for home installations.
Impact of business models 
on microgeneration 
instaiiation standards in 
homes
Choice of manufacturers and training providers; 
warranties and guarantees provided and offered;
What installers do to ensure sufficient standards, for 
example by how they carry out site surveys and 
specify systems for installations, and particularly 
where they sub-contract installation and 
maintenance.
Why interviewees chose a particular certification 
body and what their experiences of annual 
inspections under the Microgeneration Certification 
Scheme have been.
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4.5 Repeat survey
Given the considerable market change that occurred between conducting the main survey in 
late 2011 and the interviews over summer 2012, particularly given the sharp reduction in the 
Feed-in Tariffs, it was decided that a repeat survey in October / November 2012 could yield 
high value results. The purpose of the repeat survey was balanced more towards evaluating 
this market change, rather than attempting to confirm the main survey findings.
Table 12 shows the question areas covered by the repeat survey (see Appendix H for all 
repeat survey questions). The intention was to keep the survey short to maximize the 
response rate and focus only on key change variables requested before in the original 
surveys. Questions that were less effective in the main survey were omitted, such as those 
on the relative success of marketing activities and frequency of payment options (Questions 
22 and 23 respectively in the main survey -  see Appendix G).
Four new questions were added, based also on cumulative research knowledge but built 
through the semi-structured interviews from installers. The first, on the relative impact of 
factors on the number of installations in 2012 compared to 2011, drew on interview 
transcripts to construct a list of factors for a rating scale. The second question, on the 
relative priority of factors influencing selection of manufacturers, was asked in most of the 
interviews, and was included in the repeat survey as an attempt to further evaluate the 
reasons given by interviewees. The third new question, on numbers of sub-contracted staff, 
reflected a limitation with the main survey design, in that it only asked for numbers of direct 
employees. At interview stage it became clear that the extent of sub-contracting seemed to 
be quite substantial, and needed to be considered in assessing the overall impact of market 
change to employment in the microgeneration sector -  this was a point of interest raised as 
feedback at the annual conference of the British Institute of Energy Economics in 2012. The 
fourth and penultimate question of the survey was an open-ended comments space inviting 
respondents to give their views on how and why their business had changed in 2012 
compared to the last two years. It was hoped that these comments would reveal insights into 
any restructuring of business activities or changes to business models.
The repeat survey (Appendix H) was sent to all respondents of both the pilot and main 
surveys, except those installers who had been interviewed. One survey respondent was 
interviewed subsequently, following up on a previous lead, while another interviewee, a large 
installer of solar PV, filled out the survey to aid the researcher in formulating questions for a 
telephone interview. Of the 367 installers who received the repeat survey, 115 completed it, 
a response rate of 31%. The response over time followed very closely that of the pilot 
survey, the main differences being that a 4**^  reminder was employed to boost the response 
rate above 25%, and the repeat survey was run over a slightly shorter period of time, with 
the 3^  ^ and 4*^  reminders being sent out in the space of two days. The first two reminders 
were sent after 8 and 16 days from the initial survey email respectively (Figure 18).
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Table 27 Question areas in repeat survey, grouped by purpose and research aims
Purpose I research objective Relevant question areas
Context: Establishing 
installer business formation 
and operation / basic 
business models
Number of employees and proportion working on 
microgeneration; job title and responsibilities.
Research objective 1 :
Impact of installer 
businesses on rate of 
microgeneration uptake in 
homes
Location(s) of business by region; building types of 
installations including non-residential; region of 
installations by each technology accredited by the 
Microgeneration Certification Scheme; number of systems 
installed by technology from October 2011 to March 2012 
and from April 2012 to September 2012; frequency of 
marketing activities; relative impact of factors which may 
have increased or decreased the number of installations in 
2012 compared to 2011 ; number of sub-contracted staff 
across a range of services for October 2011 to March 
2012 and April 2012 to September 2012; comment space 
on the extent and cause of any changes to the 
respondent’s business in 2012 compared to the last two 
years.
Research objective 2:
Impact of installer business 
activities on microgeneration 
instaiiation standards in 
homes
Most common manufacturers and products installed by 
technology; relative priority of factors influencing selection 
of manufacturers; number of sub-contracted staff across a 
range of services for October 2011 to March 2012 and 
April 2012 to September 2012; comment space on the 
extent and cause of any changes to the respondent’s 
business in 2012 compared to the last two years.
Research objective 3:
Contribution of instaiier 
businesses to the ongoing 
energy and carbon-saving 
performance of residential 
microgeneration
Most common manufacturers and products installed by 
technology; relative priority of factors influencing selection 
of manufacturers; number of sub-contracted staff across a 
range of services for October 2011 to March 2012 and 
April 2012 to September 2012; comment space on the 
extent and cause of any changes to the respondent’s 
business in 2012 compared to the last two years.
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5. Main survey and interview findings
5.1 Introduction
This chapter sets out findings from the main survey of microgeneration installers and 
interviews with selected installers. The details of the methodology for carrying out the main 
survey and semi-structured interviews were set out in Chapter 4. The main survey obtained 
responses from 317 installer businesses accredited through the Microgeneration 
Certification Scheme. The data requested in the main survey (which was emailed out from 
October -  December 2011) applies to an 18 month period: April 2010 -  September 2011. 12 
face-to-face interviews and 10 telephone interviews were conducted from 20 July 2012 and 
15 November 2012 (Tables 28 & 29). It should be noted that the interviews therefore 
represent a subsequent perspective, 7 -1 1  months after the main survey. Most interviewees 
were Directors and business founders, and comprise an illustrative sample of installers who 
fitted a range of different microgeneration technologies, and varied in terms of their size and 
focus on microgeneration.
The main survey did not capture the impact of the key dates of 12 December 2011 and 1 
April 2012 for, respectively, the initial announcement of plans to halve the domestic solar PV 
Feed-ln Tariff and the eventual reduction of the tariff. A repeat survey was sent to all 366 
respondents who completed the main and pilot surveys, eliciting 115 responses. This was 
intended as a more systematic means to capture market change between surveys. The 
interview findings are presented in this chapter to compare and contrast with the main 
survey results, but they are also referred to in Chapter 6, which outlines the findings of the 
repeat survey.
The survey and interview findings are integrated within each section, and are grouped by 
each of the three main research objectives which in turn evaluate: the implications of 
installer business models for the rate at which microgeneration systems can be fitted 
(Section 5.2); consequences for standards of installations (Section 5.3) and ongoing energy 
and carbon-saving performance of installed systems (Section 5.4).
Statistical analysis of the main survey data begins from basic descriptive statistics of each 
survey question, but two main types of correlation test have been performed on the data: 
Chi-squared and Fischer exact test. This is because the majority of the survey data are 
categorical data, preventing the application of a range of other statistical tests which can be 
applied to numerical data. It is acknowledged that in addition to Chi-squared and Fischer 
exact tests, it might have been possible to conduct cluster analysis on the data to determine 
the relative influence of a range of survey variables upon each other, i.e. their 
interdependency. The Fischer exact test has been applied as a check against the results of 
valid Chi-squared correlations; and to supplement the Chi-squared method where sample 
sizes are insufficient.
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Chi-squared correlations work by comparing observed frequencies with expected 
frequencies of category data, which are set out in a cross tabulation of independent 
variables with dependent variables. The Chi-squared value essentially adds the difference 
between observed and expected frequencies in each cell of the cross tabulation, and a 
significant correlation is recorded where the disparity between observed and expected 
values across the whole cross-tabulation is of sufficient extent that it is judged not to have 
occurred through random chance alone. The statistical analysis presented also makes use 
of standardised residuals, which allow an identification of which parts of a cross-tabulation 
are most strongly causing a significant correlation, if one exists, overall. In order for a Chi- 
squared correlation to be valid, however, two basic rules of thumb are that no more than 
20% of cells can have a value less than 5, and no cells should have a value less than 1 
(Field, 2009). However, where up to 20% of cells do have values of less than 5, the 
explanatory power of the correlation is reduced. Because of this, compromises had to be 
reached in selecting the data range of categories for dependent and independent variables, 
to ensure that these conditions might be met. The Fischer exact test is a similar method 
which can be used to generate exact categorical correlations with small sample sizes.
Table 28 Face-to-face interviewees: Basic business data from main survey
Business
reference
Business
location
Job title of 
Interviewee / 
Business 
founder?
Year created / 
year started 
Installing 
microgeneratlon
Number of 
employees / % 
working on 
microgeneratlon
(At time of main 
survey, late 
2011)
Number of 
technologies 
Installed In 
homes from 
April 2010 to 
September 
2011
Installer A London Director / 
Yes
2007 / 2009 4 /1 0 0 % Solar PV 
162+
Installer B South East Director/
Yes
2005 / 2005 5 /10 0% ASHPs 22- 
35
GSHPs 12- 
25
Solar PV 2- 
10
Solar thermal 
17-30
Installer C South East Director / 
Yes
2005 / 2009 3 / 20% ASHPs 2-10 
GSHPs 1-5 
Solar thermal 
1-5
Installer D South East Proprietor / 2000 / 2002 1 / 70% Solar PV
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Yes 7-15
Solar thermal 
2-10
Installer E South East Managing 
Director / 
Yes
2007/2010 2 / 80% ASHPs 17-25
Solar PV 17- 
25
Installer F South East Operations 
Director / No
2008 / 2002 3/100% ASHPs 22-35 
GSHPs 22-35
Installer G South East N/A N/A N/A N/A
Installer H South East Managing 
Director / 
Yes
2005 / 2004 5/100% ASHPs 42- 
55
GSHPs 2-10 
Solar PV 17- 
30
Installer 1 South
West
General
Manager/
Yes
2011 /2011 2/100% ASHPs 2-10 
GSHPs 2-10 
Solar PV I l ­
ls
Solar thermal 
7-15
Installer J South
West
Director / 
Yes
2003/2011 4/100% Solar PV 17- 
25
Installer K South
West
Director & 
Engineer/ 
Yes
2010/2010 1/100% Solar PV 42- 
60
Installer L South
West
Director / 
Yes
2010/2010 3/100% Biomass 2-10
Table 29 Telephone interviews: Basic business data from main survey
Business
reference
Business
location
Job title of 
Interviewee / 
Business 
founder?
Year created / 
year started 
Installing 
microgeneratlon
Number of 
employees / % 
working on 
microgeneratlon
(At time of 
survey, late 
2011)
Number of 
technologies 
Installed In 
homes from 
April 2010 to 
September 
2011
Installer M Northern
Ireland
Business
Development
/No
2004 / 2004 15/100% ASHPs 37-50 
Biomass 17- 
40 GSHPs
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2-10
Solar thermal 
131-40+
Installer N Northern
Ireland
Managing 
Director / 
Yes
2008 / 2008 8/100% ASHPs 12-20
Solar PV 22- 
35
Solar thermal 
162 +
Installer 0 North West Technical 
Director / 
Yes
2004 / 2009 6/10% ASHPs 2-10 
GSHPs 2-10
Installer P North West Technical 
Director / 
Yes
2009 / 2007 451 /100% Solar PV 162+
Installer Q West
Midlands
Office
Manager/
Yes
2010/2010 5 / 50% Solar PV 22- 
35
Installer R East
Midlands
Managing 
Director / 
Yes
2009 / 2009 20/100% ASHPs 2-10 
Biomass 1-5 
GSHPs 1-5 
Solar PV 82- 
110 Solar 
thermal 2-10
Installer S East
England
Commercial 
Director / 
Yes
2011 /2011 4/100% Solar PV 6-10
Installer T London N/A N/A N/A N/A
Installer U South West Proprietor / 
Yes
1996/2010 1/100% Solar PV 2-10
Installer V South West N/A N/A N/A N/A
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5.2 Impact of installer businesses on rates of microqeneration uptake in homes
5.2.1 Nature and diversity of instaiier business models
From April 2010 to September 2011, most microgeneration installer businesses were still 
small scale operations and regionally-focused. Over half of the 317 businesses contacted in 
the main survey had five employees or less, while three quarters had 10 employees or less.
This is reflected in comments from two installers during the recruitment stage for follow-up 
interviews:
“Just to let you know, we are a very small company with me as sole employee, one other 
self-employed electrician who works with me 90% of the time, and sub-contractor labour 
when required. We have Installed around 100 systems. If you think it’s still worthwhile I am 
more than happy to help.” [Interviewee K]
“I have to say that I am only a one man band, well one man and his eldest son band, we 
don’t advertise anywhere getting all enquiries either through the MCS or Solar Trade 
Association web sites or recommends [s ic ] from customers. I shall not take offence should 
you consider me too small fry for any meaningful research figures. ” [Interviewee D]
110 Directors and 67 Managing Directors responded to the survey, with 30 respondents 
describing themselves as either the owner, proprietor or partner of the business, or a sole 
trader. In addition, 46 were managers, 18 administrators and 11 electricians, engineers or 
installers. Over two-thirds of the main survey respondents were Directors, Managing 
Directors, specialist Directors or owners (Table 30). This is consistent with the idea of 
installers being very small businesses, and it was therefore much more likely that survey 
responses would be received from Directors or Proprietors. 14% of respondents stated that 
they were managers, while only 3% described themselves as an installer, electrician, or 
engineer. As became clear from the interviews however, in reality many Directors may 
themselves be installers in such small businesses.
Half of the main survey respondents stated that 100% of their employees work on 
microgeneration-related activities, while just 5% of the businesses had over 100 employees. 
Figure 19 shows how the largest businesses in the main survey sample tended to only be 
very peripherally-focused on microgeneratlon installation, whereas those that were 100% 
focused on microgeneratlon mostly had 10 employees or less. Nevertheless, a few larger 
businesses are 100% focused on microgeneratlon, while those that dedicated a fifth of their 
workforce to microgeneratlon mostly had below 20 employees. The number of employees 
was found to be inversely correlated with the proportion of employees working on 
microgeneratlon within each business. In fact, the level of correlation was super-significant 
(Above 99% or 0.000) using both Pearson’s product moment and Spearman’s rank 
correlation coefficient tests (r = 0.22 and 0.45 respectively; n = 316).
Table 30 Job title categories of main survey respondents
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Job title code Frequency Percentage Cumulative
Percentage
Director 110 34.7 3 4 .7
Managing Director 67 21.1 5 5 .8
Specialist Director 19 6.0 6 1 .8
Owner / Director 2 .6 6 2 .5
Owner / Proprietor / Partner / 
Sole Trader
30 9.5 7 1 .9
Chairman / CEO 3 .9 7 2 .9
Manager 46 14.5 8 7 .4
Office Manager/ Secretary / 
Administrator
18 5.7 93.1
Electrician / Engineer / Installer 11 3.5 9 6 .5
Other 4 1.3 9 7 .8
Skipped question 7 2.2 1 0 0 .0
Total 317 100.0
Figure 19 Number of employees and proportion of employees working on 
microgeneration
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Approximate proportion o f company's employee's working 
on microgeneration
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Market entry
Three quarters of respondents to the main survey were founders of their installer business, 
while only 22 businesses were owned by another company. Over half of the businesses who 
responded were no more than four years old, while three quarters of respondents had only 
been installing microgeneration for two years. 44% of the surveyed companies installed 
microgeneratlon from the same year in which they were created (Table 31). Of those which 
did not work in the microgeneratlon sector originally, 21% worked in electrical and 
mechanical industries, 11% in plumbing, heating and gas, and a further 12% in other 
aspects of building services.
Respondents were previously employed in a very wide range of related and unrelated 
sectors, with at least half employed in building services or electrical professions (Table 32). 
19 respondents were previously employed in information communications technology, 8 in 
the automotive sector, and 7 in banking and finance. Only 8 previously worked in the 
environment sector (including sustainability, conservation and landscape design) although a 
further 13 mentioned renewable energy specifically.
Table 31 Previous industry categories of main survey businesses
Previous industry code Frequency Percentage Cumulative
Percentage
Business installed microgeneratlon 
from the year of creation
141 44.5 44.5
Business always worked in 
microgeneratlon, but delay in setting 
up
7 2.2 46.7
Electrical and/or mechanical 67 21.1 67.8
Plumbing, heating and/or gas 34 10.7 78.5
Plumbing/heating and 
electrical/mechanical
11 3.5 82.0
Building services (General) 38 12.0 94.0
Renewable energy 8 2.5 96.5
Energy (General) 2 .6 97.2
Other 9 2.8 100.0
Total 317 100.0
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Table 32 Previous experience categories of main survey respondents
Previous experience code Frequency Percentage Cumulative
Percentage
Plumbing and heating 17 5.4 5.4
Electrical 64 20.2 25.6
Mechanical 3 .9 26.5
HVAC / Air conditioning / 
Refrigeration
7 2.2 28.7
Gas 8 2.5 31.2
Building services (General) / 
Property / Housing / Construction
39 12.3 43.5
Manual trades (General) 1 .3 43.8
Engineering (General) 12 3.8 47.6
Energy (General) 2 .6 48.3
Two or more of: plumbing & heating, 
electrical, and building services 
sectors
7 2.2 50.5
Biodiesel / biogas / biomass 3 .9 51.4
Fuel cells 1 .3 51.7
Heat pumps 1 .3 52.1
Oil and gas 1 .3 52.4
PV 1 .3 52.7
Wind 2 .6 53.3
Renewable energy 5 1.6 54.9
Automotive 8 2.5 57.4
Banking and finance 7 2.2 59.6
Business development 2 .6 60.3
Double glazing 1 .3 60.6
Environment / Sustainability / 8 2.5 63.1
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Conservation / Landscape design
Information technology / Software / 
Telecommunications
19 6.0 69.1
Manufacturing (General) 8 2.5 71.6
Research / Education 9 2.8 74.4
School leaver / Student 6 1.9 76.3
Retail 5 1.6 77.9
Same industry/job 9 2.8 80.8
Other 29 9.1 89.9
Skipped question 20 6.3 96.2
N/A 5 1.6 97.8
Sector not specified 7 2.2 100.0
Total 317 100.0
Interviewee A set up his business to move into green technology, while one of his partners 
was an electrical engineer with experience in Belgium and Germany. Also, in 2008 the 
construction industry was hit by recession so the wider conglomerate of companies that his 
business was part of was looking to diversify. Installer J was the director of an Electrical 
contracting company operating since 1996 that started installing PV in 2010. The interviewee 
had made use of his prior technical expertise in naval weapons, aerospace and telecoms. 
Interviewee E had a separate business in electrical contracting which he started 30 years 
ago, as well as being a fully trained electrician he had a diverse range of qualifications. He 
and his brother had won a financial award for non-destructable testing techniques on boat 
hulls, drawing on their use of such techniques on helicopter blades. His business didn’t start 
installing microgeneration until 2010. Before it had been set up with an expertise in 
‘weatherisation’ an approach which aims to minimize fuel bills and maximize energy 
efficiency, through use of an air tightness test developed from 1976 in the US and used in 10 
million properties. He suggested that this technique could shave 20% of fuel bills by making 
houses more airtight. He had been trying to mainstream this test in the UK, as an alternative 
to SAP and EPCs.
Interviewee I’s company was set up 18 months ago, but worked with another plumbing and 
heating company with 70 years of experience. This interviewee had no prior experience in 
microgeneration, plumbing or electrics. Previously, he worked in a clothing business but
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latterly it wasn’t doing well and he knew people in the above-mentioned plumbing and 
heating company so he decided to set up an installation business. By working in conjunction 
with their sister plumbing and heating business, they had the requisite skills to install heat 
pumps, solar PV and solar thermal. Conversely, installer K only fitted solar PV. He thought 
about installing wind turbines but considered that these required much more initial work, e.g. 
groundwork, technical work, and hydro even more so. He said that he did not install heat 
pumps because he lacked heating and plumbing expertise, although heat pumps do require 
more of a hybrid skills set (plumbing and electrics).
Interviewee U sub-contracted a self-employed electrician for a few days to help out with PV 
installations, as well as sub-contracting one or two scaffolders / roofers. But other than that 
he did all survey, design and installation work himself, as a ‘one man band’. In 2010, he was 
quoted £12,500 for a solar PV system for his house by another installer. Rather than going 
for this, he decided that he could do the installation himself for only a slightly greater cost, 
and after this started installing PV for friends and other local residents. Also, he was already 
a qualified electrician through his business, so this made a move into PV possible.
Installer R explained that they had previous experience in applying renewables to zero- 
carbon homes:
.. back in ’95 we started building low energy homes, and as part of that process we then 
started to investigate aii the different technologies, and of course we selected ...renewables, 
and ever since then we’ve been installing renewables from my old employer, spent millions 
on it, tried everything under the Sun, and built the first Code 6 zero-carbon home in 2008 ... 
they were Zed homes designed by Bill Dunster. I wouldn’t build any more, b u t ... learnt lots 
of lessons. So that’s what gave us our knowledge of renewables.”
They had installed a lot of PV but had only really dipped into the other microgeneration heat 
technologies that they installed, which reflected delays to the RHI for home installations and 
ongoing uncertainty.
Installer L said that market entry for biomass installation and accreditation through the MCS 
was difficult and had taken him around 5 months. He had considered other technologies, 
such as PV and heat pumps, but he thought that market entry for them were too easy, and 
his idea with choosing biomass was to be a market leader, at least in his local area.
Geographic focus
85% of the surveyed companies had only one business location in the UK. A third of the 
businesses were based either in the South West or South East regions of England. Only 
seven businesses had headquarters located in Northern Ireland, and only eight in North East 
England.
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Chi-squared and Fischer correlations were performed to investigate possible associations 
between the location of installer businesses and the regions in which they install different 
microgeneration technologies in homes. However, due to insufficient sample sizes, the chi- 
squared correlations were not possible without grouping regions of business headquarters 
location into super-regions, each comprising three regions. This approach was kept 
consistent for the Fischer exact test, enabling direct comparison with the Chi-squared 
correlations. It can be seen that for air source heat pumps (Table 33), no combination of 
regions met the minimum requirements for a valid Chi-squared correlation coefficient. The 
Fischer exact test demonstrates that for all regions except London and the North East, there 
is a significant match between the super-regions in which installers are located and the 
number of air source heat pumps that they fit. Six out of the ten Fischer-exact correlations 
are significant within 1% (four of which are super-significant, i.e. 0.000), three within 5% and 
one within 10%. The four regions which met lower levels of significance were, in order of 
least significance: Wales, East Midlands, East England, and the South West (Although the 
latter was almost significant at the 1% level).
Table 33 Chi-squared and Fischer exact correlations: Associations between super­
region in which business located, and regions in which they install air source heat 
pumps (ASHPs) in homes
Dependent variable: Does 
the business install ASHPs 
in the below regions? 
(Yes/No)
Independent variable: Super-reqion in which business 
located (1. Nl, Wales, Scotland; 2. NW, NE, Y&H; 3. WM, 
EM, EE; 4. L, SW, SE)
Chi-squared Fischer exact
Northern Ireland 16.0/0.001 (3 df, 50%<5) 9.0 / 0.003
Scotland 39.2/0.000  (3df, 50%<5) 26.8 / 0.000
Wales 7.6/0.055  (3df, 50%<5) 7.5 / 0.04
North West 42.5/0.000  (3df, 37.5%<5) 28.4 / 0.000
North East 5.8/0.121  (3df, 50%<5) 4.2/0.150
Yorkshire & Humber 29.4/0.000 (3df, 50%<5) 20.0 / 0.000
West Midlands 15.2/0.002 (3df, 50%<5) 12.1 / 0.002
East Midlands 6.0/0.113 {36f,50%<5) 5.2 / 0.099
East England 9.1/0.028  (3df, 50%<5) 6.9 / 0.042
London 4.0/0.266  (3df, 50%<5) 3.7 / 0.292
South East 19.4/0.000 (3df, 37.5%<5) 16.8/0.000
South West 11.8/0.008 (3df, 37.5%<5) 9.9/0.011
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The equivalent correlation tests applied to solar thermal (Table 34) were similar to those for 
air source heat pumps, in that all regions except one (the South East) did not generate valid 
Chi-squared correlations when cross-tabulated against super-regions of business location. 
The Chi-squared value for the South East is super-significant (0.000) and the 0% of cells in 
its cross-tabulation have values below 5, meaning that the explanatory power of the 
correlation is not compromised. The Fischer exact test result for the South East is also 
0.000. As with air source heat pumps, four regions have 0.000 significance with respect to 
solar thermal installations: Scotland, Wales, the North West, and the South East. Three of 
these regions (other than Wales) are also super-significant for air source heat pumps (Table 
33). For solar thermal, eight regions are significant below 1% (Table 34), compared to six for 
air source heat pumps, while the other two regions (the North East and East England) are 
either side of the 5% level. The North East and London were not significant for air source 
heat pumps, but London is within 1 % for solar thermal.
Table 34 Chi-squared and Fischer exact correlations: Associations between super­
region in which business located, and regions in which they install solar thermal in 
homes
Dependent variable: Does 
the business install solar 
thermal in the below 
regions? (Yes/No)
Independent variable: Super-reqion in which business 
located (1. Nl, Wales, Scotland; 2. NW, NE, Y&H; 3. WM, 
EM, EE; 4. L, SW, SE)
Chi-squared Fischer exact
Northern Ireland 20.1/0.000 (3df, 50%<5) 11.6/0.001
Scotland 60.4/0.000 (3df, 37.5%<5) 43.2 / 0.000
Wales 22.4/0.000 (3df, 37.5%<5) 16.6/0.000
North West 38.9/0.000 (3df, 37.5%<5) 27.8 / 0.000
North East 8.5/0.037 (3df, 50%<5) 5.3 / 0.052
Yorkshire & Humber 12.8/0.005 (3df, 50%<5) 8.4/0.012
West Midlands 20.05/0.000 (3df, 37.5%<5) 15.0/0.001
East Midlands 11.1 /0.011 (3df, 37.5%<5) 8.6 / 0.022
East England 9.1/0.028 (3df, 50%<5) 6.8 / 0.047
London 13.1/0.004 (3df, 37.5%<5) 10.8/0.007
South East 32.5 / 0.000 (3df, 0%<5) 29.2/0.000
South West 14.6/0.002 (3df, 37.5%<5) 13.9/0.001
129
Of all three technologies analysed for the association between super-region of headquarter 
location and where that type of technology is installed, solar PV produces significant or 
super-significant correlations for every region (Table 35) and both correlation methods 
except Northern Ireland, where the sample sizes are too small for Chi-squared. Other than 
London (0.001) the remaining regions are all super-significant at 0.000 from the Chi-squared 
test. In terms of the explanatory power of the correlations, only two regions have any cells 
with values less than 5 (12.5% in both cases for Scotland and the North East). London and 
the North East are not quite super-significant using the Fischer exact test. For all other 
regions apart from these two and Northern Ireland (0.015%), the Fischer method generates 
0.000 significance.
It may be tentatively concluded that while the strength of statistical association shares a 
similar strength and distribution across region for air source heat pumps and solar thermal, 
the association is even stronger for solar PV, and this is supported by both statistical 
techniques. The idea that installers mostly fit technologies within their own regions is 
particularly supported for solar PV, if not air source heat pumps and solar thermal as well.
All the businesses interviewed who installed residential microgeneration heat technologies 
fitted them in homes which were local or within the region of location of the installers. This is 
due to the regular need for servicing requirements of heat pumps and biomass boilers in 
particular. For example, installer L’s business aimed to install biomass boilers only within a 
radius of 1-1.5 hours drive away. Installer B set out to be locally focused, Winchester-based, 
mainly installing and servicing installations in the Winchester area. Even Clapham Junction 
was a stretch for them in terms of the expense of transport, given that solar thermal or heat 
pumps needed to be service on an annual or bi-annual basis.
Installers R and A install solar PV nationally, due to a lesser need to service PV systems. 
Installer K, based in the South West, had decided to install PV locally only after the inverters 
twice developed faults in a system he had installed in Norfolk. Installer J felt that there was 
sufficient demand to satisfy his business in his local city -  they could not get too much 
demand because they would not have the capacity to respond to it - and going further afield 
to fit PV systems would simply lose time.
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Table 35 Chi-squared and Fischer exact correlations: Associations between super­
region in which business located, and regions in which they instail solar PV in homes
Dependent variable: Does 
the business install solar 
PV in the below regions? 
(Yes/No)
Independent variable: Super-region in which business 
located (1. Nl, Wales, Scotland; 2. NW, NE, Y&H; 3. WM, 
EM, EE; 4. L, SW, SE)
Chi-squared Fischer exact
Northern Ireland 12.0/0.007 (3df, 50%<5) 6.6/0.015
Scotland 56.3 / 0.000 (3df, 12.5%<5, 
min 4.8)
47.4 / 0.000
Wales 27.8 / 0.000 (3df, 0%<5) 23.5 / 0.000
North West 62.4 / 0.000 (3df, 0%<5) 48.8 / 0.000
North East 20.1 / 0.000 (3df, 12.5%<5, 
min 4.81)
16.3/0.001
Yorkshire & Humber 79.5 / 0.000 (3df, 0%<5) 67.0 / 0.000
West Midlands 62.1 / 0.000 (3df, 0%<5) 52.5/0.000
East Midlands 59.8 / 0.000 (3df, 0%<5) 50.7/0.000
East England 38.1 / 0.000 (3df, 0%<5) 32.4 / 0.000
London 17.2/0.001 (3df, 0%<5) 16.1 / 0.001
South East 76.8 / 0.000 (3df, 0%<5) 74.7 / 0.000
South West 54.2 / 0.000 (3df, 0%<5) 52.3 / 0.000
Marketing
The regional focus combined with the small-scale nature of predominantly new businesses 
means low marketing power and ambition. Common across most businesses surveyed are 
two basic marketing strategies: word of mouth and their company website. Over two thirds 
said they never advertised their services on television or radio, and over a third of the 
businesses haven't used newspaper advertising. Around a half don’t even use door drop 
leaflets. The results are part of the bigger picture of low-level marketing and communication 
of microgeneration and patchy public awareness (NHPB, 2012).
The interviews also found that word of mouth is the most common form of marketing, 
particularly with very small installers, aided by the strength of community connections in 
more rural areas. Installers J and K used a local magazine and local free paper respectively 
to compliment their basic word of mouth strategy. By comparison, amongst those 
interviewed, company websites did not lead to much business. Installer I described how
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delivering 3,000 door drop leaflets in a local area led only to two complaints about those
contracted to deliver the leaflets. Even for installer R, with 20 employees, TV and radio
marketing was seen as unaffordable.
Interviewee L, a biomass installer, marketed mainly through three approaches: 1/ direct mail 
(the interviewee brought his previous experience to bear) to identify homes in the Wiltshire 
area that were off-the-gas grid; 2/ the local parish magazine; and 3/ word of mouth. He 
usually did not show potential customers the biomass installations in his home, however, but 
he did show them biomass boilers they had installed in other customer’s homes, and then 
waited for them to call them back if they were interested.
Installer E was involved with WINACC (Winchester Action on Climate Change), and the 
interviewee was a member of one of their groups. He considered that all those involved with 
WINACC had a personal stake in such an initiative because everyone in the business lived 
locally. He had stood on WINACC stands in Winchester shopping centre before. Through 
WINACC he hoped to provide advice to consumers and ‘secure more installation work.
“So WINACC, so we sit on .. there’s [s ic ] various groups In WINACC that look at everything 
from convincing people not to ride their bikes so much right through to these massive 
renewables projects ... what we hope to do In the future Is work alongside WINACC and the 
council to provide advice to consumers, and hopefully do some Installations for them, but at 
the moment they are very focused on looking at big scale projects where they can get big 
wins, you know not worrying about half a ton of carbon from some solar panels on 
someone’s roof so ...”
“Well I think all three of ... everyone In the business lives In the city, so we’re locals and It’s 
Important I think as part of our, both our personal and sort of brand ambitions, to get Involved 
and put something back Into the community . . . so It’s not all one way ... we’re not just 
walking the talk we’re talking It as well so yeah, that’s Important but ultimately ... If It helps 
build our brand by me standing up In the shopping centre on a WINACC stand for a few 
weekends talking to consumers about how solar thermal works ...”
5.2.2 Rate at which installer businesses fit microgeneration in homes
The main survey collected data on business age in years, number of employees, proportion 
of employees working on microgeneration, the super-region in which installer business 
headquarters were located, and whether the businesses surveyed had more than one 
location or not. In this section, these are used as independent variables and have been 
correlated against the number of installations in both periods of time for which data were 
collected by the survey: April 2010 to March 2011, and April 2011 to September 2011. The 
dependent variables are installation numbers by the three technology types used for the 
correlations: air source heat pumps, solar thermal and solar PV. The dependent and
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independent variables have been grouped into categories chosen to increase the chances of 
obtaining valid Chi-squared correlations, as set out in the introduction to this chapter. The 
rationale for these correlations is to look for statistical associations between basic 
characteristics of installer businesses, and the number of microgeneration systems that they 
have actually installed over the above two periods.
Significant correlations with installation numbers were obtained with business age, number 
of employees and number of business locations as independent variables (Tables 36-38). 
However, there were no significant correlations for the proportion of employees working on 
microgeneration (Table 39), and only one was found for the super-region in which installers 
were located (Table 40), for any of the three technologies. Air source heat pumps show very 
little association with business age, employees and number of business locations, with the 
possible exception of number of employees which may just be significant at the 10% level 
using the Fischer exact test.
Business age has been divided into four categories: 0-1 years; 2-4 years; 5-10 years and 11 
years or more. Both the Chi-squared and Fischer exact methods generate significant 
correlations with number of solar PV installations from April 2010 to March 2011 (Table 36). 
These are significant below the 5% confidence level, and the cross-tabulation does not 
possess any values below five which would reduce the validity of the result. From April 2010 
to March 2011, the older the business, the greater the association with higher numbers of 
solar PV installations and vice versa. The number of solar PV installations for this full-year 
period correlated when divided into three categories (1-5 / 6-20 / 21 or more), but not when 
four categories were used which splits ‘21 or more’ into ‘21-100’ and ‘101+’. However, the 
equivalent Fischer exact test for four categories could not be concluded due to a lack of 
computer processing memory. This same problem was also encountered when the number 
of solar PV systems fitted from April 2011 to September 2011 were correlated against 
business age. Nevertheless, for this six month period Chi-squared is significant, but only 
marginally within the 5% level. The direction of correlation is less clear: businesses aged 2-4 
years installed more PV than expected (21-60 and 61+), while there is some suggestion that 
older businesses installed less PV (20 or under) than expected. Solar thermal installations 
were divided into just two categories (1 -5 /6  or more), due to small sample sizes, and 
consequently their correlation with business age has minimal granularity. Despite this, the 
Chi-squared value for the number of solar thermal installations from April 2010 to March 
2011 is significant below the 5% confidence level, compared to a 90% confidence in the 
correlation with solar thermal systems fitted in the six months from April 2011. For both time 
periods, the older the business, the greater the association with higher numbers of solar 
thermal installations and vice versa.
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Table 36 Chi-squared and Fischer exact correlations: Associations between business
age, and numbers of air source heat pumps, solar thermal and solar PV installations
Dependent variables (Below); 
Independent variables (Right)
Age of business (0-1 
years; 24 years; 5 10 
years; 11 years+)
Fischer's exact test 
result
Q.14 number of ASHP 
installations (1 -5 /6  or more)
2.5/0.470 (3 df, 12.5%<5) 2.4/0.510
Q.15 number of ASHP 
installations (1 -5 /6  or more)
2.1 /0.555 (3 df, 25%<5) 2.0/0.610
Q.14 number of solar PV 
installations (1-5 / 6-20 / 21 or 
more)
15.3/0.018(6 df, 0%<5) 15.9/0.013
Q.14 number of solar PV 
installations (1 -5 / 6-20 / 21-100 
/101+)
19.9/0.190 (9 df, 25%<5) Insufficient memory
Q.15 number of solar PV 
installations (1-10 /11-20 / 21- 
60/61+)
17.2/0.046 (9 df, 0%<5) Insufficient memory
Q.14 number of solar thermal 
installations (1 -5 /6  or more)
9.3 / 0.026 (3 df, 12.5%<5, 
min = 4.47)
10.5/0.014
Q.15 number of solar thermal 
installations (1 -5 /6  or more)
6.6 / 0.086 (3 df, 12.5%<5, 
min = 4.65)
6.8 / 0.078
The number of employees in each installer business surveyed correlates similarly with the 
number of solar PV installations (Table 37), grouped in the same categories as for the cross­
tabulations with business age. The higher the number of employees, the greater the 
association with higher numbers of solar PV installations and vice versa. The statistical 
confidence in the correlation with the number of solar PV systems fitted from April 2010 to 
March 2011 is close to 99% using both statistical approaches, and with 0% of cells 
possessing values below 5 in the Chi-squared correlation. The four-category alternative for 
solar PV installations during this period again fails to produce a significant correlation, with 
the Fischer exact test inconclusive. The higher the number of employees, the greater the 
association with higher numbers of solar PV installations and vice versa. Chi-squared 
generates a super-significant (0.000) result for solar PV installations from April 2011 to 
September 2011, with no loss of explanatory power (no cells with values below 5), but no 
equivalent result could be computed using the Fischer method. Unlike business age 
however, the number of employees does not seem to be associated with the number of solar 
thermal installations, with the results being far from significant.
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Table 37 Chi-squared and Fischer exact correlations: Associations between number
of employees, and numbers of air source heat pumps, solar thermal and solar PV
Installations
Dependent variables (Below); 
Independent variables (Right)
Number of employees (0-2; 
3-4; 5-10; 11+)
Fischer's exact test 
resuit
Q.14 number of ASHP 
installations (1 -5 /6  or more)
4.5/0.215(3 df, 25%<5) 4.5/0.21
Q.15 number of ASHP 
installations (1 -5 /6  or more)
6.6/0.087(3 df, 25%<5) 6.2/0.10
Q.14 number of solar PV 
installations (1-5 / 6-20 / 21 or 
more)
16.8/0.010(6 df, 0%<5) 16.2/0.012
Q.14 number of solar PV 
installations (1-5 / 6-20 / 21-100 
/101+)
35.1/0.000  (9 df, 25%<5) Insufficient memory
Q.15 number of solar PV 
installations (1-10/11 -20 / 21 - 
60/61+)
46.4 / 0.000 (9 df, 0%<5) Insufficient memory
Q.14 number of solar thermal 
installations (1-5 / 6 or more)
0.8 / 0.844 (3 df, 0%<5) 0.86/0.86
Q.15 number of solar thermal 
installations (1 -5 /6  or more)
2.3/0.519(3 df, 0%<5) 2.2/0.55
As with the number of employees, whether or not installer companies have more than one 
business location was found to correlate only with the number of solar PV installations and 
not with solar thermal or air source heat pumps (Table 38). Businesses with more than one 
location are statistically associated with a low number of solar PV installations, and vice 
versa. However, with respect to the number of PV installations from April 2010 to March 
2011, a significant Chi-squared correlation was attained with four categories of installations 
rather than three. For this annual period, the correlations for both the annual and subsequent 
six-month period of PV installations were significant above the 99% confidence level. 
However, they are weaker than the correlations found for business age and number of 
employees, as in both cases 12.5% of the cells in their cross-tabulations had a value of less 
than 5. The equivalent Fischer exact tests for the two significant Chi-squared correlations 
required more computer processing memory than was available, so no results could be 
obtained. Some 11 out of 30 businesses who installed 61+ PV from April 2011 to September 
2011 had more than one business location, which is well above the expected frequency is 
four businesses in the cross-tabulation.
There is no evidence at all from the survey analysis to support a statistical relationship 
between the proportion of employees working on microgeneration and installation numbers, 
with none of the Chi-squared or Fischer exact test results being even close to the 90% 
confidence level (Table 39). For super-regions within which installer headquarters were 
located, only the number of solar PV systems fitted from April 2011 to September 2011
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yielded a significant correlation, just above the 90% confidence level using Chi-squared 
(Table 40). However, for the same reason as the cases above, the parallel Fischer exact test 
could not be executed. This one significant correlation indicates a trend towards businesses 
in the south of the UK installing more solar PV than in the north, although this is not clear cut 
(there are some notable exceptions within the 61+ installation category).
Table 38 Chi-squared and Fischer exact correlations; Associations between number 
of business locations, and numbers of air source heat pumps, solar thermal and solar 
PV installations
Dependent variables (Below); 
Independent variables (Right)
Does company have more 
than one business location 
in the UK, in addition to its 
HQ? (Yes; No)
Fischer's exact test 
result
Q.14 number of ASHP 
installations (1 -5 /6  or more)
0.5/0.48 (Idf, 0%<5) 2 sided = 0.57 / 1 sided = 
0.33
Q.15 number of ASHP 
installations (1 -5 /6  or more)
0.003 / 0.96 (Idf, 0%<5) 2 sided = 1.0 / 1 sided = 
0.59
Q.14 number of solar PV 
installations (1-5 / 6-20 / 21 or 
more)
1.6/0.44 (2df, 0%<5) 1.8/0.44
Q.14 number of solar PV 
installations (1-5 / 6-20 / 21-100 
/101+)
11.8/0.008 (3df, 12.5%<5) Insufficient memory
Q.15 number of solar PV 
installations (1-10/11-20/21- 
60/61+)
15.1 /0.002 (3df, 12.5%<5) Insufficient memory
Q.14 number of solar thermal 
installations (1 -5 /6  or more)
0.008/0.93 (Idf, 0%<5) 2 sided = 1 . 0 / 1  sided = 
0.57
Q.15 number of solar thermal 
installations (1 -5 /6  or more)
0.3/0.61 (Idf, 0%<5) 2 sided = 0.78 / 1 sided = 
0.40
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Table 39 Chi-squared and Fischer exact correlations: Associations between
percentage of employees working on microgeneration within each business, and
numbers of air source heat pumps, solar thermal and solar PV installations
Dependent variables 
(Below); Independent 
variables (Right)
% of employees working 
on microgeneration (100%; 
60-90%; 30-50%; 0-20%)
Fischer's exact test result
Q.14 number of ASHP 
installations (1 -5 /6  or more)
4.4 / 0.226 (3df, 25%<5) 4.0 / 0.25
Q.15 number of ASHP 
installations (1 -5 /6  or more)
0.35 / 0.951 (3df, 25%<5) 0.5/0.95
Q.14 number of solar PV 
installations (1-5 / 6-20 / 21 
or more)
7.8 / 0.253 (6df, 0%<5) 8.1/0.22
Q.14 number of solar PV 
installations (1-5 / 6-20 / 21- 
100/101+)
8.4/0.493 (9df, 18.8%<5) Insufficient memory
Q.15 number of solar PV 
installations (1 -10 /11 -20 / 
21-60/61+)
9.7 / 0.374 (9df, 6.3%<5) Insufficient memory
Q.14 number of solar thermal 
installations (1 -5 /6  or more)
2.6/0.453 (3df, 12.5%<5) 2.7 / 0.46
Q.15 number of solar thermal 
installations (1 -5 /6  or more)
0.1 /0.990 (3df, 12.5%<5) 0.2/0.99
Table 40 Chi-squared and Fischer exact correlations: Associations between super­
region in which each business is located, and numbers of air source heat pumps, 
solar thermal and solar PV installations
Dependent variables (Below); 
Independent variables (Right)
Super-region in which 
business located (1. Nl, 
Wales, Scotland; 2. NW, 
NE, Y&H; 3. WM, EM, EE; 
4. L, SW, SE)
Fischer's exact test 
result
Q.14 number of ASHP 
installations (1 -5 /6  or more)
0.5 / 0.92 (3 df, 0%<5) 0.6/0.91
Q.15 number of ASHP 
installations (1 -5 /6  or more)
3.75 / 0.29 (3 df, 0%<5) 3.8 / 0.29
Q.14 number of solar PV 
installations (1-5 / 6-20 / 21 or
1.9/0.93 (6 df, 0%<5) 1.9/0.94
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more)
Q.14 number of solar PV 
installations (1-5 / 6-20 / 21-100 
/101+)
8.0/0.53 (9 df, 18.8%<5) Insufficient memory
Q.15 number of solar PV 
installations (1-10/11-20/21- 
60/61+)
14.9/0.09 (9df, 0%<5) Insufficient memory
Q.14 number of solar thermal 
installations (1 -5 /6  or more)
2.4 / 0.49 (3 df, 0%<5) 2.4 / 0.52
Q.15 number of solar thermal 
installations (1 -5 /6  or more)
1.3/0.73 (3 df, 0%<5) 1.3/0.76
To look at the effectiveness of marketing conducted by installer companies, two sets of 
correlations have been performed. The first set (Table 41) looks for Chi-squared and Fischer 
exact associations between the frequency of marketing activities (Question 21 in the main 
survey) and the frequency of enquiries received as a consequence of those activities 
(Question 22). The second group of correlations cross-tabulate the frequency of marketing 
activity and number of air source heat pumps, solar thermal and solar PV installations. 
These are presented separately for the Chi-squared (Table 42) and Fischer exact test (Table 
43).
The main survey requested data on eleven different marketing activities, but four of these 
have not been included in the correlation analysis due to insufficient sample sizes, which 
permit less valid Chi-squared tests. The marketing activities excluded are: door drop leaflets; 
through local councils; television and radio. To build the cross-tabulations for the 
correlations, the likert-scale frequency data collected in the ‘main survey was grouped into 
two to four categories. The categories used for frequency of marketing activities were 
selected to match with those used for resulting enquiries received.
With one exception, all Chi-squared and Fischer exact correlations in Table 41 were super­
significant, i.e. 0.000, pointing to a very strong statistical association between the frequency 
of marketing activities and resultant enquiries. Although public events returned 0.000 
significance using Chi-squared, 25% of the cells in the cross-tabulation were below 5, so the 
correlation is invalid. Nevertheless, the Fischer test for public events yielded a super­
significant outcome. All of this might lead to the conclusion that the frequency of marketing 
activities may very definitely determine the frequency of enquiries received in response to 
them; however, it is important to emphasise generally that statistical correlations do not 
prove cause and effect. Moreover, in this particular case there are some notable caveats. 
The marketing enquires question (Question 22) was added following the pilot survey, and 
immediately succeeded the marketing activities question (Question 23). Some respondents 
commented that they did not necessarily know or measure the frequency of enquiries 
received from marketing activities, and there were more missing data in response to 
Question 23 than Question 22. Some respondents entered exactly the same frequencies for
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both questions, and even were they were not the same, they were usually similar. It is 
suspected that the responses to Question 23 could be quite unreliable therefore, and are 
likely to reflect guesswork on the part of respondents more than being based on any hard 
data. It must also be considered that many respondents completed the survey fairly rapidly, 
and are most likely to be supplying information from memory and not necessarily re­
evaluating their entries/answers. Furthermore, the correlations in Table 41 do not provide 
any insights into the relative effectiveness of the different marketing methods presented.
Due to these strong caveats, marketing activities were then correlated with number of 
installations, to look for any statistical associations (Tables 42 & 43). This assessment 
bypasses the problematic enquiries data, but is subject to influence by a whole range of 
potential confounding influences on number of installations (For example those investigated 
in Tables 36-40). Nevertheless, significant correlations highlighted may contribute to the 
number of systems that installer businesses were able to fit during the 18-month period 
captured by the main survey. There is one cluster of significant Chi-squared correlations in 
Tables 12, for word of mouth -  where two of three significant Chi-squared values are almost 
super-significant (0.001), and the other is significant with over 95% confidence. The former 
two are for solar PV installations from April 2011 to September 2011, and solar thermal 
installations from April 2010 to March 2011. The latter is subject to some loss of explanatory 
power with 12.5% of cells having values below 5. Solar thermal installations from April 2011 
to September 2011 yield the third significant outcome. This suggests that word of mouth may 
be an effective marketing strategy for solar thermal installations (although, again, only two 
categories could be used to optimize Chi-squared: 1-5 and 6 or more), and to a lesser 
extent, solar PV installations, at least from April 2011 to September 2011. This exact cluster 
of significant correlations is produced by the Fischer exact test as well as Chi-squared 
(Table 43).
A less expected finding stems from the significant Fischer exact values pointing to a 
statistical association between public events and number of solar PV installations, for both 
time periods and all category breakdowns (Table 43). The level of significance has a 
confidence in excess of 99%. All three correlations potentially achieved 99% confidence 
using Chi-squared, but the results are invalid and unreliable as half of the cells had values 
under 5 for all three cross-tabulations.
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Table 41 Chi-squared and Fischer exact correlations: Frequency of different 
marketing activities and frequency of enquiries received as a result of the same 
marketing activities
independent variable: 
Frequency of marketing 
activity (April 2010 to end 
of September 2011)
Dependent variable: 
Frequency of enquiries 
received as a result of 
these marketing 
activities (Aprii 2010 to 
end of September 2011 )
Chi-squared Fischer
exact
Q21.1 Company website 
(Once / several times in the 
year; At least once a month 
/ week; Every day)
0.22.1 Company website 
(Once / several times in 
the year; At least once a 
month / week; Every day)
54.8 / 0.000 
(4df, 0%<5)
51 / 0.000
Q21.2 Public events (Once 
in the year / several times in 
the year; At least once a 
month / week / Every day)
022.2 Public events (Once 
in the year / several times 
in the year; At least once a 
month / week / Every day)
28.3/0.000 
(1df, 25%<5)
2 sided = 
0.000 /1  
sided = 
0.000
021.3 Newspapers (Once / 
several times in the year; At 
least once a month / week / 
Every day)
Q22.3 Newspapers (Once 
/ several times in the year; 
At least once a month / 
week / Every day)
37.7 / 0.000 
(1df, 0%<5)
2 sided = 
0.000 /1  
sided = 
0.000
021.4 Demo of working 
installations (Once / several 
times in the year; At least 
once a month / week / 
Every day)
Q22.4 Demo of working 
installations (Once / 
several times in the year; 
At least once a month / 
week / Every day)
28.0 / 0.000 
(1df, 0%<5)
2 sided = 
0.000 /1  
sided = 
0.000
021.7 Business directories 
(Once / several times in the 
year; At least once a month 
/ week / Every day)
022.7 Business directories 
(Once / several times in 
the year; At least once a 
month / week / Every day)
13.7/0.000 
(1df, 0%<5)
2 sided = 
0.001 /1  
sided = 
0.000
021.10 Wordofmouth (Once 
/ several times in the year / 
at least once a month; At 
least once a week / every 
day)
022.10 Wordofmouth 
(Once / several times in 
the year / at least once a 
month; At least once a 
week / every day)
62.8 / 0.000 
(Idf, 0%<5)
2 sided = 
0.000/1 
sided = 
0.000
021.11 Leadgen websites 
(Once / several times in the 
year; At least once a month 
/ week / Every day)
022.11 Leadgen websites 
(Once / several times in 
the year; At least once a 
month / week / Every day)
41.9/0.000 
(1df, 0%<5)
2 sided = 
0.000 /1  
sided = 
0.000
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Table 42 Chi-squared correlations: Frequency of different marketing activities and
numbers of air source heat pumps, soiar thermal and solar PV Installations
Dependent
variables
(Below);
Independent
variables
(Right)
Q21.1
Company
website
Q21.2
Public
events
Q21.3
Newspapers
Q21.4 Demo 
of working 
installations
Q21.7
Business
directories
Q21.10 
Word of 
mouth
Q21.11
Leadgen
websites
Q.14
number of 
ASHP
installations 
(1-5 /  6 or 
more)
1.3 /  0.5 
(2df,
16.7%<5, 
min = 4.0)
0.7 /  0.4 
(1 df, 
25% <5, 
min = 3.0)
1.3 / 0.3 (1 
df, 25%<5, 
min=3.6)
0.8 /  0.4 (1 
df, 0% <5)
0.03 /  0.9 
(Id f, 
25% <5, 
min=2.2)
0.4 /  0.53  
(1 df, 
0% <5)
0.2 /  0.7  
(Id f, 
50% <5, 
min=3.5)
Q.15
number of 
ASHP
installations 
(1-5 /  6 or 
more)
1.6 /  0.45 
(2 df, 
16.7% <5, 
min = 
3.75)
0.6 /  0.4 
(1 df, 
50% <5, 
min = 3.0)
0.83 /  0.4
(25% <5,
min=3.8)
2.7 /  0.098 
(1 df, 0%<5)
0.7 /  0.4 (1 
df, 25% <5, 
min=2.95)
0.2 /  0.7 (1 
df, 0% <5)
0.2 /  0.6  
(Id f, 
50% <5, 
min=2.5)
Q.14
number of 
solar PV 
installations 
(1-5 / 6-20 / 
21 or more)
1.1 /0 .9  (4 
df, 0% <5)
10.7 /  
0.000 (2 
df,
50%<5, 
min = 
2.5)
0.88 / 0.65 (2 
df, 0% <5)
0.15 /  0.9 (2 
df, 0% <5)
5.1 /  0.08 
(2 df, 
0%<5)
2.5 /  0.29  
(2 df, 
0% <5)
2.0  /  0.4 (2 
df, 0% <5)
Q.14
number of 
solar PV 
installations 
(1-5 / 6-20 / 
21-100 / 
101+)
4.6  /  6.0 (6 
df,
16.7% <5, 
min = 2.5)
11.0 /  
0.000 (3 
df,
50%<5, 
min = 
0.9)
4.1 /  0.25 (3 
df, 25% <5, 
min=3.4)
0.6 /  0.9 (3 
df, 25% <5, 
min=2.3)
5.5 /  0.14  
(3 df, 
12.5% <5)
3.0 /  3.85  
(3 df, 
12.5% <5, 
min=4.1)
2 .0 /  0 .6 (3 
df,
12.5% <5,
min=4.3)
Q.15
number of 
solar PV 
installations 
(1-10 / 11-20 
/ 21-60 / 
61+)
8.6 /  0.2 (6 
df, 0% <5)
14.0 /  
0.002 (3 
df,
50%<5, 
min = 
1.8)
1.7 / 0.6 (3 
df, 0% <5)
4.4  /  0.2 (3 
df, 12.5% <5, 
min=4.4)
0.2 /  0.98  
(3 df, 
0% <5)
17.1 / 
0.001 (3 
df, 0%<5)
3.9 /  0.3 (3 
df, 0% <5)
Q.14
number of
solar
thermal
installations
(1-5 / 6 or
more)
5.7 /  0.06 
(2 df, 
0%<5)
1.4 /  0.2 
(1 df, 
25% <5, 
min = 4.3)
1.8 / 0.2 (1 
df, 0% <5)
0.01 /  0.97  
(1 df, 0% <5)
0.9 /  0.3 (1 
df, 0% <5)
11.4 / 
0.001 (1 
df,
12.5%<5,
min=4.5)
1.1 /  0.3  
(Id f,
0% <5)
Q.15
number of
solar
thermal
installations
(1-5 / 6 or
more)
1 .7 /0 .4  (2 
df, 0% <5)
0.04 /  
0.85 (1 df, 
25% <5, 
min = 3.7)
0.09 /  0.8 (1 
df, 0% <5)
0.9 /  0.3 (1 
df, 0% <5)
0.01 /  0.9 
(1 df, 
07o<5)
5.2 / 0.02 
(1 df, 
0%<5)
1.5 /  0.2 
(Id f,
0% <5)
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Table 43 Fischer exact correlations: Frequency of different marketing activities and
numbers of air source heat pumps, soiar thermal and soiar PV installations
Dependent
variables
(Below);
Independent
variables
(Right)
Q21.1
Company
website
Q21.2
Public
events
Q21.3
News­
papers
Q21.4 Demo 
of working 
installations
Q21.7
Business
directories
Q21.10 
Word of 
mouth
Q21.11
Leadgen
websites
Q.14 number 
of ASHP 
installations 
(1-5 / 6 or 
more)
1 .2 /0 .5 8 2 sided = 
0.44 /  1 
sided = 
0.33
2 sided = 
0.44 /  1 
sided = 
0.23
2 sided = 
0.52 /  1 
sided = 0.28
2 sided = 1 .0 /  
1 sided = 0.62
2 sided = 
0.61 /  1 
sided = 
0.36
2 sided = 
1.0 /  1 
sided = 
0.50
Q.15 number 
of ASHP 
installations 
(1-5 / 6 or 
more)
1 .6 /0 .4 6 2 sided = 
0.45 /  1 
sided = 
0.34
2 sided = 
0.45 /  1 
sided = 
0.30
2 sided = 
0.115 /  1 
sided = 
0.093
2 sided = 0.44  
/  1 sided = 
0.32
2 sided = 
0.78 /  1 
sided = 
0.46
2 sided = 
1.0 / 1 
sided = 
0.50
Q.14 number 
of solar PV 
installations 
(1 -5 /6 -2 0 /2 1  
or more)
1 .2 /0 .9 9.1 / 
0.005
0 .9 /0 .6 3 0.2 / 0.96 5.0 / 0.085 2 .5 /0 .2 9 1 .9 /0 .4 0
Q.14 number 
of solar PV 
installations 
(1-5 / 6-20 / 
21-100/101+)
4.7 /  0.59 10.5 / 
0.005
4 .0 /0 .2 7 0 .8 /0 .8 8 5 .1 /0 .1 6 2.87 /  0.42 2 .1 /0 .5 6
Q.15 number 
of solar PV 
installations 
(1-10 / 11-20 / 
21 -60 /61+ )
8.0 /  0.23 11.0 / 
0.003
1 .7 /0 .6 7 4.4 / 0.22 0 .2 /0 .9 9 17.7 / 
0.000
3.9 /  0.28
Q.14 number 
of solar 
thermal 
installations 
(1-5 / 6 or 
more)
5.8 / 0.06 2 sided = 
0.30 / 1 
sided = 
0.20
2 sided = 
0.24 / 1 
sided = 
0.14
2 sided = 1.0 
/ 1 sided = 
0.59
2 sided = 0.52 
/ 1 sided = 
0.26
2 sided = 
0.001 / 1 
sided = 
0.001
2 sided = 
0.34 /  1 
sided = 
0.24
Q.15 number 
of solar 
thermal 
installations 
(1-5 / 6 or 
more)
1 .7 /0 .4 7 2 sided = 
1.0 / 1 
sided = 
0.56
2 sided = 
0.77 / 1 
sided = 
0.50
2 sided = 
0.42 / 1 
sided = 0.25
2 sided = 1 .0 /  
1 sided = 0.58
2 sided = 
0.03 / 1 
sided = 
0.02
2 sided = 
0.29 / 1 
sided = 
0.19
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Lack of flexibility over payment methods continues to be a barrier to market growth. 
Customers usually pay a deposit up front for instaliations with the remainder paid on 
completion. 80% of companies surveyed indicated that they used this method of payment, 
while 50% of companies took full payments on completion for installations. Only twelve 
businesses provided for payments through mortgage additions, and only 16 businesses 
through low-interest loans. Ten businesses indicated that they installed solar PV for free, 
financed from their business receiving the Feed-ln Tariffs from generation over 25 years. 
Eighteen businesses installed PV for free but financed by a third party receiving the tariff 
payments. One business installed micro-wind for free, funded by a third party being paid the 
Feed-ln Tariffs.
One of the sixteen companies (Interviewee A) who stated at the time of the main survey that 
they provided low interest loans, had to end this offer due to a lack of demand:
‘We actually had our agreement terminated by the finance company, because we didn’t 
provide them with enough business basically ...we are targeting now different [s ic ] crowd 
...by speaking to people that [s ic ] actually have got the money to Invest In the Installations, 
rather than having to go for low ...o r take a finance option ...” [A50]
The interview with installer L suggests that biomass boilers have a high hassle factor that 
may put potential customers off. When targeted at off-gas grid properties this should be 
compared to the hassle factor of previous non-gas heating systems. Nevertheless, the 
degree of human intervention required to operate many biomass boilers remains a barrier to 
the wider uptake of this technology. After the interview, installer L showed me three biomass 
boilers that he had installed to heat his house. All were manufactured by MCZ, an Italian 
manufacturer of biomass. The first was a 6kW boiler which he used to wholly heat the office 
out-house; the second an 8kW boiler to wholly heat the games room in another out-house; 
and the main boiler, a 22kW unit in the utility room (where there was also the washing 
machine) for wholly heating the house. Before installing biomass, heating was supplied by oil 
from a tank but this required filling up every three months and they might sometimes have to 
wait a week for it to be filled.
All three biomass boilers had a tray for holding pellets on the top which could be opened 
when a refill was required. He used 10kg bags of wood pellets and said that the main house 
boiler required refilling once a day in the winter. They used 5-6 tonnes of pellets a year, but 
suggested that a typical household should use 3-5, as they had two children. Sometimes in 
the winter they would forget to refill the pellets, even though it would take a few hours for 
water tanks to empty, and would only realise when they ran out of hot water. This was more 
likely to happen when they went away and only the children were in the house. The main 
boiler had instructions for householders on how to clean and maintain the units, once every 
2-3 days, once every 90 days, and once a year. Regular cleaning simply involved activating 
an internal fan and pulling and dropping two handles at the top at the same time to help 
remove ash and particulates. All boilers had a flue to emit harmful gases outside using an
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updraft: the flues were inserted through the outside wall of each building and extracted air at 
their highest point a short distance above the building roofs.
The survey findings suggest that installer business models are very much dependent on
Government policy and support. This is an emerging and volatile market in which solar 
photovoltaics (PV) is the dominant technology, bolstered by the favourable Feed-ln Tariff for 
small scale PV up until March 2012. Some 85 responding businesses installed just 1-5 solar 
PV systems (modules and inverters -  see Figure 20) in homes between April 2010 to March 
2011; 60 fitted 1-5 solar thermal installations, and 55 installed 1-5 air source heat pumps 
(Figure 21). There are some exceptions: fourteen companies fitted over 100 solar PV
systems and three businesses installed more than 100 air source heat pumps. Between April
2011 and September 2011, the rush to maximise solar PV installations before the Feed-ln 
Tariff reduction is reflected by the data, where 30 businesses installed more than 60 solar 
PV systems each during these six months.
The extent to which installers have been affected depends on the technologies that they 
install -  so that PV installers are the most directly impacted. Installer U had handed in his 
MCS licence; installer R and installer M had cut the number of sub-contracting teams 
installing PV.
From April 2010 to September 2011, installer L had only installed residential biomass 
installations. However, given the FITs reductions and RHI delays, his company was now 
planning to install 5-6 biomass systems either in non-residential buildings (e.g. two golf 
clubs) or as district heating systems incorporating 2-3 residential buildings.
Interviewee A offered an alternative explanation to that of simply the Feed-in Tariff 
reductions causing a significant decrease in the number of solar PV installations:
“People never read In between the lines ... the first announcement that they heard was 
tariffs are getting down, therefore It’s not longer wise to Invest In panels, and they stopped 
there ... majority [s ic ] of people are just believing what they see, what they are hearing, 
basically In the news, or the papers.” [A52]
During the six week rush to 12 December 2011, installer G had taken 25% deposits and got 
signed contracts for installations to go ahead with many customers. But his PV company had 
to fund £1.5 million of equipment up front before they could get the money back. They 
applied to a bank for a loan, but they refused. The bank then said they could offer finance by 
charging a 7.5% fee for a six week period, but on clarification this did not apply to the 
general public. Installer G could not understand how banks cannot lend to small businesses 
on the basis of guaranteed money (signed customer contracts). As a result he had to re­
mortgage his house to respond to aii the orders.
As with other installers he felt the panicked response by the government to cutting Feed-ln 
Tariffs had caused lots of negative newspaper coverage and that although in his view the 
return on investment on PV was better than it was before with lower up front costs, the public
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followed what was printed in newspapers and believed that there was no longer a good deal 
available for them through the FITs, or that the scheme had been cut altogether.
At the time of the interview (30 October 2012) his PV company was lying dormant, but he 
was not giving it up because his wholesaler had been monitoring MCS companies handing 
in their registrations at a rate of 30 per week.
This theme of the effect of adverse media coverage of the Feed-ln Tariff reduction and 
Impact on sales of solar PV, is returned to in greater detail in the next chapter, presenting 
the findings of the repeat survey. But it is not a factor which applies to solar PV alone. For 
example, interviewee L (A biomass installer) remarked;
“The D a ily  Mall, goes to a lo t o f the m arke t tha t we w ould  be working with ... and when the  
FITs fiasco happened, they m ilked  It fo r m onths, how  rid icu lous ly  Inefficient, how  terrib le  
renew ables were, and  how  they were going to bankrup t the coun try  ... there were rum ours  
floating around tha t putting  In renew ables was go ing  to add  £200 a ye a r to everybody ’s gas  
and e lectric b i l l .. th ey ’ve actua lly  pub lished the figures since, I th ink they cam e out a t £5 a 
year, o f  course when D EC C  pub lished  those figures they are no t sensationa l good  new s  ... 
so they ge t h idden aw ay on page 10.”
Figure 20 Number of solar PV systems installed by certified businesses from April 
2010 to March 2011
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Figure 21 Number of air source heat pumps installed by certified businesses from 
April 2010 to March 2011
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Total number of air source heat pumps installed, April 2010 - March 2011
Renewable heat installers do not yet benefit from subsidies other than the Renewable Heat 
Premium Payments, which are insufficient to genuinely offset high upfront costs. Since 
March 2012, installer L had fitted just two biomass systems in homes, while installer B was 
all set up to diversify into biomass installation but could not do so without certainty on the 
RHI scheme for residential microgeneration. Without the residential RHI, installer L could 
not realistically hope to expand his business beyond three employees, who were all self- 
employed essentially (not salaried, but rather joint shareholders), and they couldn’t have 
more than three vans or get professional t-shirts with logos or professional van liveries. Also, 
the biomass industry had a lack of influencing power compared to PV or even heat pumps 
where large companies such as Mitsubishi had the capacity to lobby government, and 
installer L worried that the government were more interested in supporting big wins (e.g. 
large-scale biomass) than small-scale biomass.
Combined with market uncertainty, the cost of certification for individual microgeneration 
technologies may be prohibitive for many small installers who cannot be sure whether the 
Renewable Heat Incentive will even be introduced at all, or at least on schedule in summer 
or autumn 2013. Conversely, installer C took the view that air source heat pumps (ASHPs) 
were already cheaper than oil heating alternatives, and therefore the RHI for domestic
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ASHPs was unnecessary and would attract installers more interested in profiting from such a 
scheme than in maximising installation standards. Installer I suggested that the reason his 
business was continuing to survive was because they installed a range of technologies (air 
source and ground source heat pumps, solar PV and solar thermal).
There was some evidence of installers attempting new financing models to attract customers 
to take up microgeneration, for example, installer S had set up a third party investment 
scheme for solar PV:
“ ...Mr. A, who’s got a good roof but hasn’t got the money ... they register... on our porta l... 
we then go do [s ic ] a survey and then ascertain what can be installed... we then have those 
details to hand... and similarly Mr. B can come along and say... I ’m prepared to Invest In 
solar, we then send them [s ic ] particulars of properties which fit his Investment criteria, and 
If they’re Interested then we put the two parties together, they both sign a number of 
contracts, one Is leasing the roof, then the contract between Investor and Investee... we then 
handle the Installation, and the warranty, the service, maintenance, and monitoring of the 
system. ” [S35]
Installer V was a member of a co-operative consortium called BASIC, in which one member 
had one vote with each installer having a co-operative representative director (9 directors in 
total). BASIC was contracted to Bristol Power CIC (Community Interest Company) to do the 
installing, while Bristol Power CIC did the marketing and customer liaison and own the 
leases of the installed systems.
BASIC had conducted a one week installation pilot (funded by BASIC) in the Lockleaze area 
of Bristol at the end of July 2012. The interviewee estimated that 40kW of PV was installed 
across about 15-20 properties, with each BASIC installer fitting 2-3 systems. The idea was to 
invest feed-in tariff revenue back into the community. In other words, people would be able 
to buy shares into Bristol Power up to a value of £20,000, e,g, a housing authority tenant 
who couldn’t afford to buy their own property, but had a PV system installed on their roof, 
can still invest in shares to a value they can afford, then earn a return based on interest rates 
advertised on the Bristol Power Community Interest Company website.
The impact on the rate at which installers can fit microgeneration should not be viewed in 
isolation from the impact of this rate upon installation standards and energy and carbon 
savings, however. As one main survey respondent commented:
“...the recent change In the Feed In Tariff for solar PV appears to have all the ‘rent a roof’ 
companies up In arms, expressing redundancies etc. As much [s ic ] I don’t want to see 
anyone out of work, this may be a good thing long term as many of the companies Involved 
In those scheme [s ic ] where [s ic ] only after maximising their profits and not really focused 
on the main point of reducing our energy and resulting C02 [sic]. These same companies 
are already looking at ways to maximise the returns on RHTs [s ic ] and as such the
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Government’s stance on lower Incentives may keep these companies out of this market and 
leave this open to the traditional M&E [Mechanical & Eiectricai] companies who will be 
around long after the Initial potential ‘gold rush’ Installing these products.”
Northern Ireland
Northern Ireland was an exception, because as installer M pointed out, the Renewable Heat 
Premium Payments (RHPP) were more generous (e.g. £2500 versus £950 for biomass 
boilers in the rest of the UK because RHIs in Northern Ireland for biomass are likely to be 
less than in other parts of the UK, if and when they are introduced). For a residential-sized 
Ponast biomass boiler, installer M gave a typical install cost as £7000 including augers and 
flue. A RHPP of £2500 could therefore offset a substantial portion of the up front cost of 
biomass. The interviewee explained that delays to the RHI were having only a low impact on 
his business, as from the end of May to the start of June, the RHPP came into effect in 
Northern Ireland. His company had 23 employees in August 2012, which had increased from 
15 employees at the time of the main survey. They installed air source and ground source 
heat pumps, biomass and solar thermal in homes. Six years ago Northern Ireland’s 
government had funded a scheme called ‘Reconnect’ which provided £3000 grants for 
homeowners for biomass systems. The interviewee thought public awareness of biomass 
was relatively good in Northern Ireland compared to other parts of the UK, partly due to the 
Reconnect scheme which was Government-funded. As to be expected, they fitted most solar 
thermal systems in the summer, and most other renewable heating systems in the winter, 
except in the case of new builds. They had installed over 100 solar thermal systems in social 
housing and housing estates from April 2010 to September 2011. Interviewee M did not 
install solar PV, because the Feed-in Tariffs were very poor in Northern Ireland relative to 
the rest of the UK.
Installer N was also based in Northern Ireland, and said that he had microgeneration on his 
own house for seven to eight years, and that no attention had been paid to the membrane 
below the slates so he sought a European patent for this. In his view, there had been a lack 
of microgeneration in Northern Ireland over the last eight years apart from solar thermal. His 
business approach was to view the house as a system, from design and commissioning 
through to installation. Installer N currently had 24 employees in October 2012: eight of 
these were management staff, while the remainder were installers. They sub-contracted 
some services, making use of a pool of people they could call upon, particularly roofers and 
joiners. Like installer M, his business had grown since the end of 2011, when they had eight 
employees plus four people working as labour-only sub-contractors. These sub-contractors 
worked branded under the company name. They still installed ASHPs, solar thermal and 
solar PV. Over the financial year February 2012 to March 2013 they expected to have 
installed 150 residential PV systems alone. The equivalent figures for solar thermal and 
ASHPs for this financial year period were 380 and eight respectively. The ASHPs have been
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installed in new builds -  each system combined ASHPs and tanks. Over the same period 
their plan was to install 17-18 ASHPs to supply public sector buildings and schools.
Installer M explained that in Northern Ireland, the Feed-ln Tariffs for solar PV had been 
constant at 17.3 p / KWh for 20 years, and that at the end of last year, it was 16.8p / KWh. 
So why had installer M been able to install more PV systems compared to installer N? He 
thought that this was due to a reduction in the price of PV, energy price increases, 
economies of scale, while advertising and the efforts of his company were starting to pay off. 
Nevertheless, solar thermal remained the dominant technology that they installed, which he 
attributed to it being an accepted technology in Northern Ireland and straight forward to sell -  
they retailed a flat plate collector for £2500 / £2600 (Similar to installer M who sold solar 
thermal systems for £2500-£3000). They were installing twice as many solar thermal 
systems compared to three years ago. In terms of public acceptance, installer N considered 
that solar PV and ASHPs were still catching up with solar thermal. The local government had 
initially supported ASHPs where they could replace oil tanks but this scheme supported the 
wrong technology for the houses they were installed in -  it wasn’t matched to capabilities 
and they were trying to run heating systems at 70°C. This meant that ASHPs in Northern 
Ireland got off to a bad start in terms of establishing their credibility as a technology.
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5.3 Impact of installer businesses on microgeneration installation standards in homes
5.3.1 Business models and microgeneration installation standards
As mentioned above with reference to Table 31, more than half of the company 
representatives surveyed did not work in the microgeneration sector in previous jobs: most 
came from backgrounds in electrical and mechanical industries, plumbing, heating and gas, 
or other aspects of buildings services. 44% of all the companies started installing 
microgeneration from the outset: at least half their respondents were previously employed in 
building services or electrical professions. This means many of their employees initially 
possessed relevant or transferable skills, and also may have lacked specific training on 
installing microgeneration and integrating systems with existing household heating or 
electrics. The survey found that 300 businesses use at least 100 different training providers, 
with the most common being NICEIC for electrical contractors and Ecoskies for renewable 
energy installers (Table 44). Manufacturer training is also frequently used.
Table 44 The most commonly-mentioned external training providers used by survey 
respondents
Training provider Number of 
companies who 
used training 
provider
% of all
respondents to 
this question 
(216/317)
Coding category
NiCEiC / PPL 
training
52 24 Industry training provider
Ecoskies 29 13 Industry training provider
Worcester Bosch 17 8 Manufacturer
Mitsubishi 15 7 Manufacturer
CAT 13 6 Industry training provider
Schuco 10 5 Manufacturer
Daikin 10 5 Manufacturer
NAPiT 9 4 Industry training provider
Logic 8 4 Industry training provider
Grant 8 4 Manufacturer
Installer J preferred to carry out most PV installation work in house to maintain quality, as he 
believed that sub-contracting lost control of jobs. He directly employed an electrician, 
administrator and an apprentice but he did sub-contract a roofer & son, a scaffolding team of 
3 or 4, a structural surveyor and an Energy Performance Certificate inspector.
For interviewee R, sub-contracting was necessary due to the uncertainty of the subsidy 
regime for microgeneration:
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“...on the install side, we have up to three teams we can call on, they’re all trained by us, all 
suitably qualified who we’ve been using for three years now, and again they are sub­
contractors If you like, we put them In If we want them because the workload Is so variable. 
We could not afford to employ directly-employed Installation engineers ... because the 
workload was just up and down like a bloody yo-yo.”
The impact of the announcement of Feed-ln Tariffs changes was such that in October 2011 
they installed 3-4 PV systems per week; but then in November and December 2011 this was 
up to 36 a week. They then installed very few PV systems in January and February 2012, 
followed by another peak in March 2012 given the proximity to the eventual deadline for 
halving of the residential solar PV FITs. The peak in March was not quite as high as in 
November to December 2011. They carried out very few installations from April to June 
2012, which may have been associated with the impact of the unseasonable rain at this 
time, and then they installed 22 PV systems in July 2012, again due to proximity to another 
reduction in the residential solar PV FIT. This had a corresponding impact on the extent to 
which they sub-contracted installation:
“At our peak last year we had seven Install teams, three people each, so that was another 21 
staff, now we’re down to access to three teams, but you know we’ve Just turned It all off 
again ... / don’t think we’ve got one Install this week, we’ve got one booked next week ... It’s 
Just a stupid ... we’ve been doing 36 Installs a week, and now we’re down to two ...”
These fluctuations in sub-contracting are important if sub-contracting is associated with a 
greater likelihood of sub-standard or inappropriate installations, where design, specification 
or installation are the activities being sub-contracted. Installer R went on to say that he had 
experienced lots of problems with poor installation, or otherwise problems arising during 
installation, even one case where a sub-contracted installation team turned up to a job drunk 
-  this is a problem with managing sub-contracted teams perhaps, which is in itself a function 
of businesses being in a situation where they may avoid directly employing staff due to lack 
of market certainty. In the case of installation problems, teams might be sent back or another 
team sent in to resolve the issue under the terms of their 5-year installer warranty for solar 
PV.
Interviewee G owned his own architectural practice with six employees. He also owned a 
separate PV company, set up after the architectural company. His PV company aimed to 
ensure quality of installations through 20 years of experience arising from architectural 
practice. He employed teams of sub-contractors, but described them as “In-house sub­
contractors”, to do electrics, heating and plumbing.
His company employed five teams of sub-contractors during the six week rush to 12 
December 2011 during which they were installing 30 systems a week (each team one 
system a day for 6 days a week). Because of the time pressure, they were actually saying to 
customers that they couldn’t ensure comprehensive quality of jobs on install so Sunday was 
reserved to fix any outstanding issues with installation jobs.
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In a discussion thread within the Microgeneration UK group on Linkedin, a professional 
networking website of which the researcher is a member, a regional manager at a 
microgeneration installation company [Company 2] commented about a fire at a house in 
Sittingbourne, Kent, which was suspected to have been caused through bad installation 
practice (specifically a faulty DC switch connected to the solar PV modules on the roof of the 
house, which were believed to have been fitted to the property a week before the fire - see 
Kent Online, 2012):
“Maybe the first UK fire caused by a faulty DC switch but another major PV Installer 
destroyed a house In Derbyshire by fire last year after Installing a Solar PV system. Although 
It wasn't the equipment that caused the fire the company were certainly culpable and shows 
just how careful you have to be when selecting someone to work on your property”.
According to the correspondent’s profile on Linkedin, he used to work as a regional sales 
manager at Company 1 but at the time of this correspondence worked at Company 2, which 
installed a wide range of microgeneration technologies across domestic and other sectors. 
Company 1 was a solar PV installation business.
The researcher posed the following question to this installer:
“Am a bit late following this up, but just wondered whether you knew If the Investigation as to 
the cause of the Sittingbourne fire had been concluded (I.e. was It definitely the cause of a 
faulty DC switch?). Also I'd be Interested In any more Info you have on the Derbyshire fire 
Incident last year. ”
The installer gave the following reply in relation to the Derbyshire fire, suggesting that it was 
caused by bad practice and that, as a former of employee of this company when the incident 
had occurred, he described how Company 1 had agreed a settlement with the householder 
in return for them agreeing not to tell anybody about the incident. He added that although 
Company 1 were a large business who relied upon their good reputation, they were primarily 
concerned with profit and this meant that installation standards, customer service and fair 
retail pricing were compromised:
“I haven't heard any more about the Sittingbourne fire but I can tell you about the Derby one. 
The Installer was [Company 1], the fire was caused by the Installers kicking some sawdust 
on top of a celling mounted spotlight, when the light was put on In the evening It heated up 
and set fire to the sawdust. The house was destroyed on the top floor but luckily no one was 
Injured. The owner didn't have Insurance so this was settled between [Company Vs] Insurers 
and the householder and he agreed to keep quiet as a result. Internally [Company 1] Issued 
threats to staff members to make sure this was kept under wraps. As a company they are 
focused entirely on profit and growth and often break rules to ensure they get the business, 
but without things being reported there Is no comeback. Their business model certainly does 
not lead to good customer service, they are big and have a good reputation but under the 
surface there are customers who were either overcharged or with bad Installs.”
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He gave another example of bad installation practice, whereby a solar PV module was fitted 
too low on a roof, near the gutter, and was shaded substantially by an adjacent building. 
Despite customer requests to install the array higher up on his roof. Company 1 refused, 
justifying their installation on the basis of SAP predictions, which ironically were a 
requirement of Microgeneration Installation Standards, and as noted in Chapter 3, SAP 
typically underestimates solar PV generation, particularly in south England:
“If you'd like an example, one array was Installed too low down the [s ic ] roof. It was an 
Internal error when the panel layout was designed. It was agreed with the customer that the 
panels would be near the ridge but were then Installed by the gutter. Shading from next door 
became a serious Issue so the customer asked to have them Installed properly. [Company 1] 
refused saying that the predicted output (they use SAP calculations) would still be within the 
stated range therefore he had nothing to complain about. The customers [s ic ] point was 
that. In the right place they would produce significantly more and that was what he expected. 
As far as I know this Issue has never been resolved. The Issue here Is an aggressive, 
greedy management. I have always believed that you should grow your business by 
reputation and word of mouth.”
5.3.2 Effectiveness of the Microgeneration Certification Scheme in ensuring adequate 
installation standards
One of the clearest findings of the interviews is that the annual inspection of microgeneration 
installers carried out by accreditation bodies focuses largely on paperwork trails, rather than 
effective audits of actual installations. Under the Microgeneration Certification Scheme 
(MCS), UK-based installers choose which one or more of sixteen certification bodies to 
register with (MCS, 2012). The reasons why installers choose certification bodies can be 
quite arbitrary. Initially, installer K tried to register for MCS accreditation through NICEIC, but 
they required two example installations (It was difficult to set these up or get people to agree 
to have microgeneration fitted by a company who was not an accredited installer in the first 
place), so he achieved accreditation through Elecsa instead (Who only required one 
example installation). Installer E’s business was registered with NAPIT. He had chosen 
NAPIT after attending an Ecoskies training course, during which a NAPIT representative had 
been recruiting for installers to certify. NAPIT were also a trade association, and he found 
them user friendly in some respects. He indicated that it took six months to get accredited. 
He said that the Ecoskies training course cost £500 and signing up to NAPIT and REAL 
Assurance brought the cost to £2,000, and to £5,000 once office time was accounted for. 
Relative costs of certification through different authorising bodies may also influence installer 
choice of which organizations to become accredited with. For installer I, the cost of 
certification through Easy MCS was £1,000 per technology, and £1500 for the annual 
inspection. Installer J became accredited through NICEIC: he had to attend a week’s training 
course in Exeter, costing £1,200, and losing a week’s work (Which he estimated was
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equivalent to another £2,000). Installer U was also certified with NICEIC, and said that 
associated training cost him £5,000.
Most of the interviewees said that annual inspections lasted for a fairly full day, mostly 
devoted to office-based processes and with only a couple of hours devoted to visiting an 
installation. Technical expertise of inspectors varied across different certification bodies, so 
that some were more concerned with aesthetics and seemed to miss more crucial technical 
questions. In almost all cases it was left to the installer to choose either which system the 
inspector could visit (by arrangement with the customer) or to provide a list which they had 
self-selected. Installer I remarked:
“Obviously If you had a disastrous one you wouldn’t put that In the list, I would Imagine ...
Installer I’s first annual inspection was due in June 2012 but was deferred until the end of 
September 2012 due to lack of capacity within his certification body. Easy MCS, to carry out 
the inspection.
Installer 0, who fitted air source heat pumps in new builds mainly, said that his inspectors 
usually chose a partially-completed installation, which was a more effective way of assessing 
workmanship. Installer J concurred with this approach:
“I ’d much rather they come and turned up when you’re halfway through a job, unannounced 
sort of thing -  said [sic], just come and have a look at what you’re actually doing...’cause 
[sic], one of the things I ’ll say about any annual Inspection, It’s very easy to fudge ... and a 
lot of contractors do that, they’ll do two jobs they’ll [s ic ] be perfect, you know the ones that 
get the qualities for the Inspection, and all the other ones they cut corners on.”
However, installer 0  did view the MCS more positively:
“It’s Improving the Industry...you can’t be a rogue In MCS, It’s just too difficult... I put forward 
an Installation... I got the go ahead only two weeks ago... come Tuesday, by then I would 
have had the heat pump fitted and underfloor heating down, I won’t have the system up and 
running, but I would have enough for him to ... get a good Idea ... and anything else he 
needs to do I can submit photos.”
Nevertheless, installer C admitted that he had installed several air source heat pumps 
without registering them through the MCS, to avoid costs in certification and increase profit 
margins.
Installer M, based in Northern Ireland, was registered with Action Renewables, and claimed 
that during their annual inspection, they selected an installation to inspect randomly from the 
MCS database of registered installations. However, installer N was also accredited with 
Action Renewables, and contradicted this account: he said Action Renewables did not 
randomly select installations to inspect for his company -  as with most other installers 
interviewed, he was asked to provide a list of installations up front for inspectors to select for 
a visit.
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When installer E was first inspected by NAPIT, he was pulled up for using SAP 2009 rather 
than SAP 2005, which was nonsensical, since SAP 2009 is more accurate than SAP 2005 
for predicting PV generation, even if the Microgeneration Installation Standards require 
installers to use SAP 2005. He said that a NAPIT inspector sent to audit his business did not 
understand solar PV, for example he failed to ask about why he had chosen certain 
components, while he had more interest in his sub-contracting agreement with a scaffolder. 
In his opinion inspectors seemed more concerned with minor details, such as not placing 
warning stickers in the correct place.
As with other interviewees, he thought there needed to be a change in emphasis away from 
paperwork. The MCS inspection lasted a day, with 3-4 hours spent on paperwork, while 
inspectors looked at one installation by the company. He admitted that he chose a good 
installation for the inspection, selecting 3 or 4 and going for one that he could arrange with 
the customer. He thought that accreditation bodies had a vested interested in not being too 
stringent on installers, in case they signed up to competing accreditation bodies, which 
would lose them money. For example, the ongoing cost of certification through NAPIT was 
around £100-200 per year and £400 for the annual inspection. Also, he said that NAPIT 
could not access the MCS installation database -  so it was not possible for them to select 
installations randomly for inspection.
The researcher also asked the installer contacted about the Sittingbourne fire (See Section
5.3.1 above), what his opinion was on the effectiveness of the MCS scheme. It is 
acknowledged that the question posed is quite leading and therefore may have 
predetermined some of this installer’s response:
“Do you have any view on the different certification bodies and how good they are at 
withdrawing licenses If enough customers do complain (or refusing them In the first place)? 
From what some Installers have Indicated to me so far It seems that the MCS focuses too 
much on paperwork and not enough on actually ensuring the quality of Installations (e.g. 
through Inspections).”
The installer concurred, adding that in his experience of an inspection (It was not clear 
whether this was REAL or MCS) there was no actual installation visit. He proposed that MCS 
should accredit employees, rather than companies, and there could be specific accreditation 
for sales staff and installers, for example:
“That's absolutely right, everyone Is aware that they need to protect their accreditation but 
there Is no evidence that It Is policed very much. With REAL and MCS you're supposed to 
get an annual appraisal but, as you say, focus [s ic ] Is entirely on paperwork. I've been 
through one and there was no mention of going to Inspect a Job or talk to a customer. In my 
view MCS accreditation should be on a person not a company so you'd have MCS for sales 
people and MCS for Installers. Under the current rules It's only the company that ensures 
standards and, as In the case of [Company 1], standards slip when profits are needed.”
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A main survey respondent who installed heat pumps mainly in the commercial sector 
remarked, in a separate email to the researcher:
“Although there Is MCS accreditation, there appears to be little policing of the systems 
Installed and as such the whole renewable market may become like ‘double glazing’ sales.”
5.4 Impact of installer businesses on ongoing energy and carbon-saving performance 
of residential microqeneration
5.4.1 Choice of manufacturers and products
In the main survey, Sanyo and Sharp were the most common manufacturers of solar PV 
modules, fitted by 38% of businesses who installed this technology, and a further 55 
manufacturers were also used (Figure 22). Some 60% of all solar PV installers fitted SMA 
inverters. This pattern of dominant market leaders and numerous, less-frequently used 
manufacturers is repeated across most microgeneration technologies. Three manufacturers, 
Kingspan, Worcester Bosch and Vaillant, were used by 40% of solar thermal installers, 
while 30% of air source heat pump installers fitted Mitsubishi systems and 14% used Daikin 
(Figure 23). NIBE, Danfoss and Worcester Bosch were fitted by around half of ground 
source heat pump installers, while Windhager and MCZ were the most commonly purchased 
manufacturers for biomass boilers.
Interviewee A explained that initially, they installed Scheuten Solar panels, which are from 
Germany, although the manufacturer was based in Holland. They chose them because of 
their reliability. Since then, they have also installed other makes of panels (Sanyo which was 
rebranded as Panasonic HIT; some Sharp; Sunpower (due to its high efficiency -  20%/21 %). 
They used to import most of their components from abroad, as well as modules, but at the 
time of the interview (July 2012), they sourced all components locally and only imported 
panels, some directly from China (Eging). In some cases it could work out cheaper to import 
models from China, although they did buy Suntech modules locally. Conversely, installer R 
used to import Chinese PV modules, but due to problems with poor performance, and a 
Chinese manufacturer refusing to take responsibility under the terms of their manufacturer 
warranty, they now restrict imports to within Europe. Interviewee I offered customers a ‘gold, 
silver and bronze’ solar panel -  e.g. Gold -  Schott; Silver -  Dimplex; Bronze -  Upsolar, 
although Schott had pulled out of the PV industry. Installer I used UK distributors and did not 
import panels from abroad. These decisions have implications for the carbon-payback 
period of solar PV, which is not an issue addressed in detail in this thesis.
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Figure 22 Proportions of all manufacturers mentioned for commonly installed 
products: Solar PV modules (Top chart) and inverters (Bottom chart)
Manufacturer no 2%
Manufacturers mentioned only 
11%
Manufacturers mentioned oniy 
2%
Ma nùfacturers mentioned only 
three times 
Yingti 3%
/  , 2 %
IWoser-Baer
I  Kyocera
Canadian So ar
Hyundai
Schott ; ■I-»;?' 
7%  '  '
Phono-Solar
Manufacturets mentioned *nty
Grant
/  Diehl /  2?
Æ  Auroia
f  2%
Mastervott ^
4% . ,
Manufacturers mentioned o r t  ^
:
SMA
18%
157
Figure 23 Proportions of all manufacturers mentioned for commonly installed 
products: Air source heat pumps (top chart) and solar thermal (bottom chart)
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The main criteria that Installer J used to choose solar PV panels was their low level 
irradiance. He preferred European manufacturers. Both installers J and R subscribed to 
Photon International (Photon International, 2012), which they viewed as one of the most 
reliable and independent sources of comparative information on PV module performance, by 
manufacturer and model. However, Installer J thought that Photon International still included 
panels that were around five years old and was therefore comparing them with newer 
models, which was potentially misleading. Installer J’s favourite solar PV inverter was 
Powerone as they had no moving parts, but he considered Fronius to be the best made 
inverters, for which a 20-year warranty cost £300. He explained SMA’s dominance by their 
strong market presence. For inverters, he referred to their European efficiency figure to 
judge their relative performance.
Interviewee U did not use Photon International to choose his systems. Due to the corrosive 
effect of salt mist in Dorset, chose modules that were salt mist resistant, and also ammonium 
resistant in agricultural areas. Then as he used 2-3 wholesalers with whom he had built a 
trusted relationship, his choice of modules depended on which ones they actually stocked at 
a given time. He chose to use SMA or Fronius inverters because they had waterproof 
versions that he could install on the exterior of houses, unlike the vast majority of installers 
that he thought installed inverters in the loft, because this was cheaper due to the shorter 
and more direct cable connection. However, due to the much higher temperatures, the 
efficiency of inverters is likely to be less, and their lifetime reduced, coming at greater cost to 
the consumer.
In terms of PV modules, installer E initially started installing Sharp, but was critical of their 
build quality. He moved onto installing Schott modules, which in his view were well- 
engineered, with good connections -  10 / 20 /25 year warranties were available, and had 
good back-up as Schott were a German company with 50 years experience. He also used 
Sanyo HIT, which had the best performance of these three products but at 30% greater cost 
per watt. He thought that Chinese panels were hopeless for manufacturer warranties, for 
example, at the end of a warranty for Perlight modules there was a clause stating: “If there’s 
any dispute, sole discretion is ours." More recently, he had installed ZN Shine 833 modules, 
which were underwritten by Zurich Insurance, and which were cadmium-enriched, so had a 
decreased performance degradation over the panel lifespan.
Interviewee E now installed NI DAP inverters with ZN Shine 833 modules. These NI DAP 
inverters were twin-tracking and could be monitored on the internet via Cambridge and 
Holland. He had also installed PowerOne inverters, which were easiest to fit, and had good 
levels of service. When one of these units had developed a fault, the manufacturer sent him 
two replacement units. However, PowerOne inverters made a high-pitched electronic whine, 
while NI DAP made a low, rumbling sound from its cooling fans, which he thought was 
caused less disturbance. He considered micro-inverters to be unproven and unsold, and 
only worth using for the shaded portion of panels, if at all. They were in his opinion 
unnecessary on unshaded roofs.
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Most of the PV installers interviewed purchased systems from UK-based suppliers, although 
installer A still bought some modules from China because this worked out cheaper. Normally 
installer U would buy PV systems from a Dorset-based wholesaler, but during the rush to the 
12 December 2011 deadline, this wholesaler run out of suitable systems and he had to 
purchase Chinese modules that he knew very little about from a Scottish-based wholesaler. 
These were of a fixed size and not necessarily appropriate for given installations, and not 
aesthetically ideal, as they had a silver lining rather than a black lining, making them more 
conspicuous on a roof. Similarly, in November 2011, installer E found that a lot of systems 
were out of stock so he had to install what he could get.
Installer R’s business rang solar PV customers to ask for meter readings on their KWh 
output, first after 3 months, then 6 months, and then a year. They had used Ecoeye meters 
but found these to be unreliable. Installer R claimed that all their PV installations which they 
monitored through customers performed above predictions (using PVGIS), so he was happy 
with the approach they had taken. On a Linkedin discussion thread within the 
Microgeneration UK group, of which the researcher is a member, installer R explained:
“ ...we are...getting 3, 6 and 12 month readings and feedback from customers and 
comparing the resuits to the predictions. We have started to post the data on our web site. 
With over 300 domestic instaiis this wiii take another month to compiete but the first hundred 
are showing targets exceeded in aimost aii cases with financiai returns in the 10-20% range 
depending on the FIT/instali price timing. Todays [s ic ] few customers are targeted to 
acheive [s ic ] 10-15% with the current prices and FiT rates, in our eariy days 2 years ago we 
used many types of paneis but the numbers for the best quaiity German paneis and 
inverters are showing the strongest resuits. The process is a/so aiiowing us to detect any 
probiems and get them sorted. Thankfuiiy the numbers are few or rotated to a [s ic ] British 
made monitoring devises [s ic ]! Lastiy we have aiways taken confidence from Germany's 
experiences and the iong term reiiabiiity of PV with BP's oidest pneis [s ic ] at 50+ years oid.
“...we knew that customers [s ic ] average consumption of solar power can be as iow as 20- 
25%) from friends in Germany. However, smart stay at home domestic customers with a 
visabie [s ic ] monitor and cheap timed swithchs [s ic ] are acheiving [s ic ] 60-70%) 
consumption on site. High eiectricai ioad commerciai customers are using the lot!
“...Then there are the next level of smart inverter/battery systems such as the Nedap 
Powerrouter that we are testing at the minute. Nedap's experience in Hoiiand is with this set 
up 70-90%) useage [s ic ] is acheivabie [s ic ] and we expect this to prove the case. But it is 
expensive at +£3k on a 4kw domestic system and even they admit it does not pay for its seif 
[s ic ] in a reasonabie time. Voiume and iower prices and future eiectric cars wiii agin [s ic ] 
improve the game and i hear the Chinese have a iower cost Lithium ion based 
inverter/battery system on the way. Eariy days but good progress, [s ic ] Aiso we must not 
forget exported solar power will get used by someone so it [s ic ] not compieatiy wasted [sic].
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Lets [s ic ] hope we can develop a smart enough Grid to cope with large or preferably many 
more small scattered micro-generators. Now thats [s ic ] a whole new discussion...”
An installer based in Northern Ireland (Interviewee M) did a lot of research (but no trips to 
Europe), asking lots of questions of manufacturers e.g. about back up and standard of 
service both to them and the customer. This was one of the main principles they used to 
select Ponast biomass boilers for domestic applications, and cost / service were key factors 
for Daikin ASHPs and IDM GSHPs. Herz (commercial biomass boilers) were a well-known 
name and Austrian manufacturer, as was Kingspan, whose solar thermal systems they 
installed and which require very little selling. Kingspan also provided a 20-year warranty. 
They imported most systems direct from Europe, e.g. Germany, Italy, Austria. The cost of 
importing products quite significant, particularly the price of the tank and delivery.
Installer L used one of four available methods to calculate whole house heat loss as part of 
the survey of homes prior to installation of biomass boilers. This was done on a room-by- 
room basis using SAP 2005 u-values at input to work out overall heating demand in 
kilowatts. This took 1.5 hours in the customer’s home and another 1.5 hours back in the 
office.
In terms of ASHPs, installer N fitted Earth Save Products as he considered that performed 
well. Additionally, he explained that they could install Earth Save ASHPs with a combined 
heat pump and tank, while the compressors were of good quality and the external units had 
stop / start electronics. These ASHPs performed as stated down to external temperatures of 
7°C, and they actually exceeded this as they operated down to -10°G: two winters ago they 
were still performing at this temperature on a regular basis.
Installer C related an example of when he was contracted to install council-specified air 
source heat pumps in a block of flats in the South West in 2010. He had no say in choosing 
which manufacturer and product to install, which the council had selected as it was cheap to 
fit. The heat pumps had very high running costs, and only half of them worked properly. As a 
result, he got negative feedback from the residents.
A main survey respondent who fitted heat pumps more in the commercial than the 
residential sector, emailed the researcher in addition to completing the main survey. He 
suggested that in the latter sector, profit was seen as more important than carbon reduction;
“Our business model is aimed more at the commerciai sector as we find that like the current 
domestic heating market, the majority of the work is carried out by small businesses who do 
not have the overheads we operate with. It is also a different market to our core business of 
air conditioning and as such needs a different approach and service to the end users. The 
commerciai market is being driven by carbon reduction .... The domestic market is based on 
the cheapest price and our fears are that this wiii create a bad name for renewable 
technologies as many of the exaggerated claims for the FiT’s [s ic ] wiii not come to fruition in 
years to come or the poor design of heat pumps wiii create higher fuel costs than the 
equivalent fossil fuel boilers ...”
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He emphasized the importance of ensuring that homes had adequate insulation to optimize 
the performance of heat pumps and lower running costs, which in turn should help to 
maximize carbon savings:
“Our experience in domestic heat pumps is that many existing properties have insufficient 
insuiation instaiied to ensure the efficiencies offered by the heat pump. One recent example 
was a 3 bedroom detached which we estimated would cost £40K more to run, over a 20 
year life cycle, without upgrades to the insuiation in their home. We had to refuse to sell the 
end user a heat pump and prove this to him. He was wiiiing to spend £8K on a heat pump 
and when we suggested that he was better off investing in insuiation first, he became quite 
upset and i am sure another company has carried out the instaiiation to satisfy the end users 
[s ic] need to be ‘green’, whilst having the burden of an uneconomical system. We feel this is 
typical of the industry and why there is huge potential of a backlash to renewable 
technologies due to misapplying.”
This misapplication of heat pumps was of concern to manufacturers, who were keen to avoid 
damaging their reputation:
“These are just our views and I would be interested in whether you hear similar or opposing 
views on this, i would add that both Mitsubishi and Daikin are tightening up their procedures 
and sales chains as many of their systems out in the field have been misapplied and as such 
they are now more stringent to protect their brand. They, like us see renewable [s ic] as a 
iong term solution to our energy needs and are wiiiing to sacrifice many short term gains to 
protect the products. ”
Installer F took a specific view on the Heat Emitter Guide for Domestic Heat Pumps, that the 
range of allowable flow temperatures is too generous (50 -  60°C are acceptable), meaning 
that if householders want to have a heat pump they can, even if it is not going to cut carbon 
or save money on their energy bills. In his opinion, it should be unacceptable to install 
domestic heat pumps that have no realistic prospect of saving carbon (this depends too on 
how users interact with systems). Furthermore, unscrupulous developers and housing 
authorities should be prevented using technologies unless they are MCS accreditated.
The likelihood of a company inappropriately installing microgeneration heat systems may be 
less if that business sells a range of heating solutions, microgeneration or otherwise. This is 
suggested by the following exchange with Installer
Researcher: “So you install gas boilers as well?”
Installer B: “Oh yeah, gas and oil.”
Researcher: “So i mean it’s not like your desperate to...”
The researcher acknowledges that the prompt questions used in this exchange are quite leading.
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Installer B: “Hard sell.”
Researcher: “Install a heat pump or... ”
Installer B: “No, and then sometimes you can see their faces melting ‘cause you’re actually 
telling them, this really isn’t the best thing for you in our opinion.”
Installer E also shared the view that how microgeneration is installed is crucial. He did not 
install solar PV inverters in the loft (he thought that “99%” of installers did this), as this was 
the harshest household environment to locate them. Placing inverters in lofts reduced their 
lifetime, meaning lower maintenance accessibility and lower visual accessibility to 
customers. Although Powerone inverters were rated for location on outside walls, he decided 
not to install them there because they could be stolen easily and he still didn’t trust that 
moisture wouldn’t find some way into the invertors. Usually he placed inverters in a garage 
or a spare upstairs cupboard.
5.4.2 Warranties, guarantees and maintenance contracts
There is much variability in the extent, type and duration of warranties, guarantees and 
maintenance contracts provided or offered by installers. The extent to which such 
agreements are upheld, responsibility for repairs and quality of maintenance services will 
become increasingly important as the flurry of new installations begin to age and problems 
are experienced. Manufacturer warranties are typically 2-5 years for heat pumps, biomass 
and solar thermal. These warranties are notably longer for solar PV. 50 companies said 
product warranties for their solar electric panels last for 6-10 years, while another 28 installer 
businesses can offer product warranties of 21-25 year duration through their manufacturer. A 
third of firms said they do not provide extended guarantees or maintenance contracts at all.
There is a very strong statistical association between the length of the manufacturer 
warranty for a microgeneration system (i.e. whether it is ‘0-5 years’ or ‘6 or more’) and 
technology type (Table 45). Both Chi-squared and the Fischer exact test obtain a super­
significant correlation (0.000), with the proviso that 8.3% of cells in the Chi-squared cross­
tabulation have values of less than 5. No significant Chi-squared or Fischer exact 
correlations were found between the provision of manufacturer warranties and technology 
type. In other words, there does not seem to be a statistical association between whether or 
not a manufacturer warranty is provided and the type of microgeneration it applies to. 
However, whether or not an installer provided a maintenance warranty was significantly 
correlated with technology type, with a confidence level of greater than 99% for both Chi- 
squared (0% of cells below 5) and Fischer exact tests. A correlation between businesses 
which sub-contract some installations and technology type was attempted (There were very 
few respondents who sub-contracted all installations), but with no significant results. 
Similarly, whether or not an installer used SAP 2005 or SAP 2009 to help specify a
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micrgeneration system would not appear to depend on technology type, at least in that no 
significant statistical associations were obtained.
Biomass installer L did not offer an annual servicing or maintenance contract as such, 
instead charging per service -  MCZ boilers cost £100 for a service, and Windhager £140. 
His business had no plans to set up any official service contracts (which he indicated would 
be included up front as part of an initial retail package if they did) until they could be certain 
about the RHI incentives for domestic biomass.
Installer B stated that servicing of heat pumps and solar thermal systems was an important 
income stream for their business;
“...don’t get an awful lot of operational probiems with the kit, and where we do, obviously 
either we go and sort it out, as the service partner, or the service end nearest from the 
company wiii go, but servicing is a big important part of our business, because it keeps us in 
touch with the client, it’s an easy money earner for us relatively speaking ...”
The same installer found more problems with heat pumps than solar thermal in terms of 
servicing requirements -  particularly as the performance of heat pumps need to be 
optimized for any given house:
“...solar thermal, once they’re set up and commissioned properly, getting air out of the 
system is aiways, I think is the biggest challenge, but providing that’s done properly, you can 
really forget about solar thermal, honestly, in our opinion, you know, go back to your bi­
annual service or whatever but don’t really get any probiems at a i i .. .heat pumps, completely 
different, obviously you’ve got to fine tune them, you’ve got to ...especiaiiy in the first year, 
you’ve got to keep an eye on how they’re performing, flow temperatures, is [s ic ] the 
eiectricai cassettes kicking in, add heat and that sort of thing, what’s happening, ‘cause 
every house is different.. solar thermal, it’s bomp, up there and it comes on ...”
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Table 45 Chi-squared and Fischer exact correlations: Associations between provision 
and duration of manufacturer warranties / extent of sub-contracting I whether SAP is 
used as a prediction tool, and technology types installed
Dependent variables 
(Below);
Independent 
variables (Right)
CodedQ.17Techtype (ASHPs / 
Biomass / GSHPs / Solar PV 
modules / PV inverters / Solar 
thermal)
Recoded Q.17Techtype 
(ASHPs / Biomass / Solar PV 
modules / PV inverters / 
Solar thermal)
Chi-squared Fischer's
exact
Chi-squared Fischer’s
exact
Q18.1 Duration of 
manufacturer 
warranty (0-5 years; 
6 years +)
86.5/0.000 
(5df, 8.3%<5, 
min=4.95)
94.5 / 0.000 N/A N/A
Q18.1 Manufacturer 
warranty (Provided 
or not?)
7.6/0.1800 
(5df, 50%<5)
6.5/0.21 N/A N/A
Q18.4 Maintenance 
warranty (Provided 
or not?)
N/A N/A 15.4/0.004 
(4df, 0%<5)
15.2/0.004
Q.19.3 Installation 
(Business installs 
systems itself; 
Business sub­
contracts some or 
all Installations)
N/A N/A N/A N/A
Q20.1 SAP 2005 (Yes 
/No)
N/A N/A N/A N/A
Q20.2 SAP 2009 (Yes 
/No)
7.5/0.185 (5df,
8.3%<5,
min=4.53)
7.3/0.19 N/A N/A
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6. Repeat survey findings and comparison with main survey
6.1 Introduction
The previous chapter sets out the results of the main survey of microgeneration installers, 
carried out from October to December 2011, and semi-structured interviews with installers 
conducted from July to October 2012. From October to November 2012, a repeat survey 
was sent to most installers who responded to the main and pilot surveys (with the exception 
of all interviewees bar one). The repeat survey was completed by 114 of the 366 installers 
who received it. 91 of the 114 respondents to the repeat survey had already completed the 
main survey. The remainder had responded to the pilot survey in May or June 2011.
The purpose of the repeat survey was to capture how microgeneration installers had been 
affected by considerable market change and uncertainty in the year from October 2011 to 
September 2012. This annual period began with the announcement of the Government’s 
plans to halve the Feed-ln Tariff (FIT) for domestic solar PV installations, from 12 December 
2011. The Government lost an ensuing court case to Friends of the Earth, Home Sun and 
Solar Century, and the proposed cut to the FIT was postponed until 1®‘ April 2012. The Feed- 
ln Tariffs for solar PV have been reduced on a more structured, incremental three-monthly 
basis since this time, subject to government reviews to decide whether the timetabled 
reduction is justified by falling costs across the industry (Parsons Brinckerhoff, 2012). At the 
same time, the Renewable Heat Incentive proposed to support microgeneration heat 
technologies had not been introduced by the Government, although a commercial scheme 
was in operation, and small Renewable Heat Premium Payment grants were available for 
residential installations.
The findings of the repeat survey are presented in this chapter. They are corroborated 
against relevant results from the main survey and the semi-structured interviews. This 
chapter looks briefly at repeat survey data on basic installer business set ups (Section 6.2), 
and then details the repeat survey results relevant to the first two of the three research 
objectives in this thesis: the impact of installer businesses on the rates (Section 6.3) and 
standards (Section 6.4) of residential microgeneration uptake.
6.2 Installer businesses -  basic set up, October 2011 -  September 2012
Most respondents to the repeat survey (36%) were based in the South West and South East 
of England, which was similar to the equivalent proportion for the main survey -  32% (see 
Table 46). Northern Ireland, London and the North East had the least numbers of 
respondents in both surveys. Only a tenth of the installers who responded to the repeat 
survey had business locations in more than one region of the UK (this compared to 15% in 
the main survey). Seven of the 12 respondents who had premises in two or more regions
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supplied information under a box stating: ‘Please indicate purpose of additional business 
premises’. Two installers indicated that they required greater geographical coverage and 
another needed to focus on a different technology in a different region. In one case, a 
business partner worked from home in a different region. This is a negligible sample to 
compare with the main survey comments under the equivalent question, but the reasons 
supplied are similar to those given in the previous year’s survey.
Table 46 UK country or region in which installer business headquarters located: main 
and repeat surveys
Region / Devoived 
administration
Main survey Repeat survey
Frequency Percentage Frequency Percentage
Northern Ireland 7 2.2 2 1.8
Wales 26 8.2 9 7.9
Scotland 31 9.8 10 8.8
North West 31 9.8 10 8.8
North East 8 2.5 4 3.5
Yorkshire and Humber 22 6.9 5 4.4
West Midlands 25 7.9 7 6.1
East Midlands 26 8.2 12 10.5
East England 28 8.8 10 8.8
London 13 4.1 3 2.6
South East 50 15.8 18 15.8
South West 50 15.8 23 20.2
Totai 317 100 114 100.0
The number of employees per installer business was also distributed in a broadly similar way 
to the previous surveys (Table 47). 15% of installers had only one directly-employed 
member of staff (not including sub-contractors), 28% no more than two employees, while 
over half had four employees or less. Three quarters of the repeat survey installers had no 
more than 10 people directly-employed by their company. This compared to 10% having one 
employee in the main survey, 24% two employees or less, 48% no more than four 
employees, and three quarters no more than ten members of staff.
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Table 47 Number of business employees, not including sub-contractors: main and 
repeat surveys
Number of 
employees
Main survey Repeat survey
Frequency Cumulative
Percentage
Frequency Cumulative
Percentage
1 31 9.8 17 15.0
2 45 24.1 15 28.3
3 34 34.8 12 38.9
4 42 48.1 16 53.1
5 24 55.7 11 62.8
6 - 1 0 58 74.1 15 76.1
11 -2 0 31 83.9 11 85.8
21 -5 0 30 93.4 11 95.6
56 - 6,000 21 100.0 5 100.0
Total 316
The proportion of employees working on microgeneration also varied little between the two 
surveys (Table 48). For example, just under half of respondents were focused 100% on 
microgeneration-related work. The much lesser secondary peaks in the response data 
represent installers for whom microgeneration was a very peripheral part of their business 
activities: 23 installers from all 114 who responded to this question in the repeat survey 
indicated that only 5%, 10% or 20% of their company employees worked on 
microgeneration. In the main survey 62 installers from all 317 respondents indicated that 5% 
-  20% of their workforce focused on microgeneration-related acitivites.
Overall, these parameters of basic business set up are, in descriptive terms, very similar, 
reflecting both a lack of change between the same businesses who responded to the main 
and pilot surveys, and between the different installers surveyed across the pilot, main and 
repeat surveys. The latter comprise the 388 installers who responded to the pilot and main 
surveys, but did not complete the repeat survey.
168
One respondent implied that with the declining costs of solar PV, their business model had 
shifted from focusing on what could be earnt from the Feed-in Tariffs, to the electricity 
savings that could be achieved, and was also about targeting younger people and families to 
persuade them to adopt solar PV.
“The emphasis has moved from an income to savings on eiectric. We are now seeing our 
first customers under the age of 50 years. Now its [s ic ] got cheaper we hopefuiiy wiii see 
people with famiiys [s ic ] buy solar PV”
Table 48 Approximate proportion of company employees working on 
microgeneration-related activities: main and repeat surveys
Proportion of 
employees working 
on microgeneration
Main survey Repeat survey
Frequency Percentage Frequency Percentage
100% 157 49.5 56 49.1
90% 17 5.4 3 2.6
80% 16 5.0 7 6.1
70% 13 4.1 3 2.6
60% 10 3.2 3 2.6
50% 16 5.0 5 4.4
40% 14 4.4 2 1.8
30% 11 3.5 6 5.3
20% 24 7.6 6 5.3
10% 16 5.0 9 7.9
5% 22 6.9 9 7.9
0% 1 0.3 5 4.4
Total 317 100.0 114 100.0
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The nature of the market for micro-hydro is quite distinct than for other microgeneration 
technologies, but one installer mentioned moving to their own locally-manufactured turbine 
system and thereby lowering costs, while using a web service to reach clients beyond their 
local business catchment:
"We have changed a fair amount in order to adapt to increased competition through 
innovation. We have started the production of our own adapted peiton turbine system to 
make manufacture more /oca/ and reduce costs, particulariy by making a repeatable 
systems [s ic ] that can be used over a range of head and flow conditions. We have launched 
a web-app feasibility service to allow our expertise to reach those further from our 
geographical location.”
6.3 Impact of installer businesses on the rate of microgeneration uptake in homes
6.3.1 Number of microgeneration installations by building-type and technology
Four-fifths of repeat survey respondents (90 out of 114 businesses) installed solar PV in 
privately-owned homes from October 2011 to September 2012. Only 22 businesses did not, 
with two other responses marked ‘Invalid’ or ‘Uncertain’ due to potential response errors. A 
third (39) of the 114 respondents installed solar thermal in private homes, while 25 
businesses, or 22%, installed air source heat pumps in such residences. The equivalent 
proportion for ground source heat pumps and biomass was a tenth (12 installers for each 
technology). There were seven companies who had installed micro-wind in private homes in 
this annual period. Only two businesses installed micro-hydro to supply energy to private 
dwellings, while none did so for micro-CHP. One installer fitted micro-CHP in public-sector- 
owned homes, and another in charitable / community/ voluntary sector buildings.
Far fewer companies actually installed microgeneration in public-sector owned homes -  just 
11 fitted solar PV, seven solar thermal and four air source heat pumps in these dwellings. A 
fifth (22) of the 114 respondents installed solar PV in charitable / community / voluntary 
sector buildings. Around half of the repeat survey respondents were not just aimed at the 
residential sector, with 48 companies also installing solar PV, 13 biomass and 12 solar 
thermal to supply business, commercial or ndustrial buildings. 14 businesses installed solar 
PV in schools. Similarly, over half of respondents to the main survey fitted solar PV to 
business, commercial or industrial buildings.
The majority of repeat survey respondents (86 from 114) installed solar PV from October to 
September 2012. While 10 business fitted 1-5 PV systems on homes in each six months, 
from October to March and April to September, a further 19 PV installers who had fitted 6-10 
or 11-15 units in the former period only installed 1-5 systems in the latter six months. Quite 
a few of the other solar PV installers experienced a decrease in the number of PV systems
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they fitted, over this key period of turmoil during the halving of the Feed-ln Tariff for 
residential solar PV from 1 April 2012 (Figure 24). For example, eight businesses had 
installed 21-30 or 31-40 systems from October to March, but this fell drastically to just 1-5 in 
the next six months. Seven companies went from fitting 31-40 or 41-60 systems to installing 
only 6-10. Almost all businesses installing between 21-30 and 81-100 PV systems from 
October to March had experienced decreases in their installation numbers. One business 
installed 51-60 PV systems from April to September, after fitting 31-40 in the previous six 
months, but this was an exception. The largest PV installer selected the maximum 
categories for both periods (101+ and 61+), while the 2"^ largest fitted over 101 systems 
followed by 51-60. It is difficult to evaluate from these high end categories what the extent of 
change was.
40 of the 114 respondents installed solar thermal. Most solar thermal installers fitted at a rate 
of 1-5 systems per month (Figure 25). A minimal, stable rate of installation is indicated by the 
19 companies who fitted 1-5 solar thermal units in homes in each of the six month periods. A 
further six solar thermal installers fitted no systems from October to March but installed 1-5 
units from April to September. The company who fitted the most number of solar thermal 
systems experienced a decline in installation numbers, from 21-30 to 11-15.
Air source heat pumps (ASHPs) were also characterized by a low number of installations 
over the year from October 2011 to September 2012 (Figure 26). As with solar thermal, 
stability at a low level of installation activity is reflected by the nine companies who fitted 1-5 
ASHPs in both periods. But there were some suggestions of decline, with five businesses 
not installing any ASHPs after fitting 1-5 in homes from October to March.
Just five ASHP installers out of 28 fitted more than 6-10 systems in either six month period. 
Two of these did not install any ASHPs from October to March, but then proceeded to fit 11- 
15 and 16-20 systems in homes respectively over the next six months. One company’s 
ASHP installations increased from 6-10 to 11-15, while another company remained stable at 
11-20 and 16-20 units fitted in the separate periods. The largest ASHP installer saw their 
installations reduce from 41-60 to 16-20.
GSHPs saw limited installation activity, with only 11 out of 114 companies surveyed actually 
fitting them in homes over the year in question. Four of these businesses did not install any 
GSHPs from October to March but then put in 1-5 systems from April to September (Figure 
27). Just one company installed more than 1-5 GSHPs in any one six month period (6-10 
from October to March, reducing to 1-5).
5 of the 11 biomass installers fitted 1-5 biomass systems on either one or both of the six 
months (Figure 28). The largest biomass installer put In 21-30 units from October to March, 
decreasing to 6-10.
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Figure 24 Numbers of solar PV installations fitted by repeat survey respondents from
Oct 2011 -  Mar 2012 and Apr 2012 -  Sept 2012
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Figure 25 Numbers of solar thermal installations fitted by repeat survey respondents 
from Oct 2011 -  Mar 2012 and Apr 2012 -  Sept 2012
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Figure 26 Numbers of air source heat pump (ASHP) installations fitted by repeat
survey respondents from Oct 2011 -  Mar 2012 and Apr 2012 -  Sept 2012
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Figure 27 Numbers of ground source heat pump (GSHP) installations fitted by repeat 
survey respondents from Oct 2011 -  Mar 2012 and Apr 2012 -  Sept 2012
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Figure 28 Numbers of biomass installations fitted by repeat survey respondents from
October 2011 -  March 2012 and April 2012 -  September 2012
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6.3.2 Frequency of installer marketing
Like the pilot and main surveys, the repeat survey asked an identical question on the 
frequency of company marketing activities (Figure 29). This was Question 13 in the repeat 
survey and Question 21 in the main survey (Appendices G and H). The responses to this 
question in the latest survey are comparable to those of its predecessors, portraying a sense 
of installer companies with low marketing power and for whom word of mouth is a dominant 
means of attracting business. Although four businesses selected ‘Never’ for word of mouth 
marketing, and two utilized it ‘Once in the year’, the other 102 installers were almost evenly 
split across the four most frequent categories ranging from ‘Every day’ to ‘Several times in 
the year’. Again, not surprising given the small size of most installers, was that the vast 
majority never used radio or television advertising, presumably due to the expense. 46 of the 
114 repeat survey respondents never used public events as part of their marketing strategy, 
although 30 installers selected ‘Several times a year’ for this category. The equivalent 
figures for ‘Demonstration of working installations’ were 44 and 33 installers respectively. 
Over a third of all 114 installers never advertised through print or online newspapers or listed 
themselves in business directories, while a fifth of the respondents did such advertising 
‘Several times a year.’ About half of the respondents did not use door drop leaflets or lead 
generation websites, with 25 installers employing door drop leaflets ‘Once in the year’ and
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21 installers using lead generation websites ‘Several times in the year.’ 74 installers 
indicated that they never used local councils as part of their marketing; 23 did but very 
infrequently in most cases.
Figure 29 Frequency of installer marketing activities, October 2011 -  September 2012
Lead generation websites 
Word of mouth 
Through local councils 
Radio
Business directories (Print and/or online) 
Television 
Door drop leaflets 
Demonstration of working installations 
Newspapers (Print and/or online) 
Public events 
Installer's company website
■ Never
■ Once in the year
■ Several times in the year
■ At least once a month
■ At least once a week
■ Every day
■ No response
20% 40% 60% 80%
Cumulative percentage of all 114 responses
100%
After being instructed to assign frequency to different marketing categories, respondents 
were asked: ‘Other. Please describe briefly any alternative marketing strategies that you 
have used’. One installer’s business spent around £12,000 a year on advertising, mainly in 
magazines, but also at local events:
“A bou t £1000 p e r m onth on advertis ing in 4/5 m onth ly  g lossy  m agazines, is the m ain  [s ic ] 
with som e loca l events, sponsoring  charity  events, lea fle ts  and  show  s tands”.
The need for installers to invest more in marketing following the halving of the UK Feed-ln 
Tariff, amid uncertainty in the market and adverse media coverage is elaborated upon below 
in Section 6.3.3. Frustration at the ineffectiveness and expense of advertising seems 
apparent from the following comment from one respondent, while another had decided that it 
was prudent to avoid the expense of marketing altogether:
“lots [s ic ] o f s tu ff that d idn 't work bu t costs lots o f m on ey”.
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“Due to chaos in the market caused by the government, we have not spent any money or 
time promoting microgeneration untii the incentives become dear and iegisiation is actuaiiy 
passed.”
The Microgeneration Certification Scheme (MGS) website, which includes a list of all 
accredited installers in the UK, was mentioned as a form of marketing by two respondents, 
one pointing out that it was very important as a demonstration of their credibility. This 
installer bemoaned the lack of support from councils for microgeneration in their region. The 
website for HETAS, who provide government-recognised accreditation for biomass instaliers 
(HETAS, 2013) was also mentioned by another respondent:
“We see the Microgeneration website instaiier iist as vitai to our credibiiity. Councils in this 
region do not appear to support us (!) although they wiii say that they support the 
technology, their contributions are negligable [s ic ] and their leaflets very out of date. ”
“through [s ic ] MGS website and via HETAS website”.
Although very few respondents had marketed their business using television, one instaiier 
had appeared on news features rather than having to pay for television adverts:
“In terms of television, it's not advertisements that we have paid for, it's features on news 
programmes that have included our company.”
Analysis of the marketing categories in Question 13 does not enable an understanding of the 
links between the different forms of advertising used by companies. In that respect, one 
installer used direct maii to approach very specific potential customers, and then followed up 
this initial contact with telephone calls.
“Our core strategy is highly targeted direct mailing with telephone follow up”.
A more unusual and creative form of advertising was used by another respondent:
“Sponsored the 17th tee at a local golf course 'Earn green fees from your roof”.
Lead generation was suggested to have a low success rate in terms of actuaiiy resulting in 
saies and installations:
“We no longer use lead generating sites as the price point is highly competitive and the 
conversion rate is lower than expected with quite a few prospective clients not wanting the 
system in the end.”
Question 13 (Appendix H) did not include a category for social media, although it was too 
early for the one respondent who mentioned this strategy to comment on its effectiveness 
relative to other strategies:
“social [s ic ] media eg. twitter, inkedin, facebook, recent strategy so not seen results yet”.
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Also, frequencies could pertain to periods shorter than the time period set out in Question 13 
(October 2011 to September 2012), as in the following case;
'We more or less stopped all marketing after December 2011, so the above frequencies all 
relate to that 3 month period”.
Where an installer’s business own buildings in which they are fitting microgeneration, they 
naturally do not require marketing:
'We are instaiiing on properties that we own so no marketing is required”.
As the marketing question used in the repeat survey (Question 13) is exactly the same as 
the first marketing question in the main survey (Question 21), it still includes the category 
‘Your company website’ which has the problem that since a website should be continuously 
accessible, barring technical issues, it is difficult to assign frequencies to this activity:
‘Our website is clearly available continuously. I'm not really sure how I should go about 
scoring that in the table above. ’
6.3.3 Reasons for changes in the number of installations from 2010 -  2012 and 
adaptations to recent market change
Question 10 asked respondents: ‘To what extent do you consider the following factors have 
increased or decreased the number of microgeneration systems that you have installed in 
homes in 2012 compared to 2011?’ and listed seven potential market change drivers in 
random order (Figures 30 & 31). Three quarters of the 114 installers thought that ‘Feed-ln 
Tariff reductions’ had ied to a ‘Great decrease’ in the number of instaliations they had fitted 
in 2012 compared to in 2011. This question category also had the highest response rate of 
ali seven categories, reflecting the relevance of Feed-ln Tariff changes to solar PV installers 
in particular. Around half of all respondents considered that delays to the Renewable Heat 
Incentive residential scheme had caused a great or moderate decrease in their installations 
over these two years.
Other external incentivisation or policy stimuli had a lesser effect on this annual change in 
the number of installations. Both the grants provided by the Renewable Heat Premium 
Payments (RHPP) and policy announcements of the Green Deal, which at the time of the 
repeat survey had not been introduced, might have been expected to increase installations 
in 2012. But RHPP payments had caused ‘No change’ in instailation numbers according to 
almost a third of installers. Another fifth of instailers seiected ‘Not applicable’, indicating that 
they did not install microgeneration heat technologies eligible for the RHPP, while the 24% 
non-response rate was the highest for any of the seven categories, and most likely reflects 
non-applicability for the same reason. Despite this, 17% of installers thought that the limited 
number of RHPP grants had led to a ‘Moderate increase’ in the quantity of systems they had
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Figure 30 Impact of market change factors on number of systems installed by 
businesses in 2012 compared to 2011, shown by cumulative number of responses
Lower up front costs of microgeneration
Marketing by your company
Negative media coverage about microgeneration
Green Deal policy announcements
Renewable Heat Premium Payments
Delays to Renewable Heat Incentive (Domestic)
Feed-ln Tariff reductions
____
■  1 Great decrease
■  2 Moderate decrease
■  3 No change
■  4 Moderate increase
■  5 Great increase 
« 6  Don't know
■  7 Not applicable 
«  No response
20 40 60 80
Cumulative number of responses
Figure 31 Impact of market change factors on number of systems installed by 
businesses in 2012 compared to 2011, shown by cumulative percentage of responses
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fitted in 2012 compared to 2011. Anticipation of a forthcoming Green Deal scheme had been 
ongoing from at least early 2012 (e.g. Ecobuiid, 2012), but as captured in the previous 
chapter, there was confusion amongst installers as to whether this was going to apply just to 
household energy efficiency measures alone, or include microgeneration as well. Over half 
of respondents appeared to be ambivalent towards the prospect of a Green Deal, with over 
half selecting ‘No change’ in installation numbers between 2011 and 2012. There are 
suggestions that installers felt that the uncertainty around the Green Deal actually had a 
negative impact on installation numbers, with 15% of respondents considering it had caused 
a great or moderate decrease.
Reductions in the up front costs of microgeneration and company marketing were perceived 
to be moderately effective in raising the number of installations by some respondents. These 
change factors were responsible for a ‘Moderate Increase’ in the number of systems they 
had fitted according to 34% and 18% of the 114 installers respectively. However, a large 
proportion selected ‘No change’ (35% and 48% respectively). This can be contrasted with 
negative media coverage about microgeneration being assigned the second highest level of 
adverse impact on installations (over 60% selected a great or moderate decrease).
In Question 10 of the repeat survey, respondents provided comments on additional factors 
that have increased or decreased the number of microgeneration systems that their 
businesses installed in homes in 2012 compared to 2011. This gave installers a chance to 
elaborate on any factors that may have been missed in the design of the categories used for 
Question 10 and presented in Figures 30 & 31. 28 respondents provided additional 
comments under ‘Other. Please comment on any other factors that you consider relevant 
and their relative impact’. Separately, and at the end of the survey. Question 15 was open- 
ended and asked ‘Please comment on the extent to which your business has changed in 
2012 compared to the last two years, and what factors have caused this?’ 99 of the 114 
repeat survey installers responded to this question.
In Table 49, all the open-ended comments provided in Questions 10 and 15 have been 
coded into categories to quantify the frequency with which similar themes re-occur when 
installers were asked about market change in the in 2012 compared to the previous year or 
two years. Half of the 102 respondents who commented to both Questions 10 and 15 
mentioned that in 2012, they had experienced decreased microgeneration installations, 
business or turnover. Close to a half also remarked on the impact of Feed-in Tariff 
reductions on their business, particularly the period from the October 2011 announcement of 
the 12 December 2011 halving of the tariff in October 2011, through to March 2012, which 
were seen by several respondents to have created a ‘boom and bust’ dynamic to the market. 
Feed-in Tariff reductions had been seen to have been managed poorly by government (20 
respondents), while 13 installers mentioned ongoing delays to the Renewable Heat 
Incentive. These were linked by some respondents to public confusion and market 
uncertainty, while adverse media coverage had served to create the impression that
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potential adopters could not get a good return on investment from solar PV after the Feed-ln 
Tariff for domestic installations had been halved from 1 April 2012.
Table 49 Frequency of coded categories for factors causing change to respondents’ 
business and their instaliation activity in 2012 versus the previous two years 
(Questions 10 and 15)
Comment coding category Number of 
respondents
% of all 102 
respondents who 
commented
Decreased work / installations / business / turnover 52 51.0
Feed-ln Tariff (FIT) reduction / changes 48 47.1
Government mishandling of Feed-ln Tariffs (FITs) / 
Renewable Heat Incentive (RHI)
20 19.6
Customer's mistrust of government / public have lost 
confidence in
microgeneration supported by incentive schemes like 
the Feed-ln Tariff (FIT) / lack of market or consumer 
confidence
14 13.7
Adverse media coverage 13 12.7
Delays to Renewable Heat Incentive (RHI) 13 12.7
Public confusion / market uncertainty / market 
instability
13 12.7
Return to / reliance on core electrical, plumbing or 
other core business
11 10.8
Low customer demand for PV despite similar return / 
consumers understand that FITs have reduced but 
not that return on investment is similar
9 8.8
Impact of recession 9 8.8
Has not renewed MCS accreditation or is not planning 
to do so / is considering folding the business / has 
stopped installing (a particular) microgeneration 
(technology)
9 8.8
Weak marketing capacity of respondent's business / 
much more investment in marketing required / more 
recent marketing has been ineffective
9 8.8
Increased work / installations / business / turnover 8 7.8
Increased competition (e.g. Too many businesses 
chasing lower demand) / Under-cutting / impact of 
competition from larger installers
8 7.8
Diversifying products / services offered 6 5.9
Squeezed profit margins 6 5.9
Redundancies (Actual or considering) / Reduction in 
directly employed staff / More out-sourcing
6 5.9
Need to reduce working hours / supplement with other 
forms of income / difficulty recruiting new staff or 
plans to do so abandoned
6 5.9
Changed focus away from residential sector (e.g. to 
commercial sector, or move to fewer number of larger 
contracts)
5 4.9
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Very difficult to provide clear, co-ordinated information 
to public / lack of clear, co-ordinated message from 
government or others in a position to promote 
microgeneration effectively
5 4.9
Emphasis on high standard of work / quality 4 3.9
Lack of co-ordination of financial incentives or holistic 
strategy by government for microgeneration 
deployment
4 3.9
No change 4 3.9
Cost of accreditation (e.g. Microgeneration 
Certification Scheme) / investment in training
4 3.9
Customers driven primarily by financial return on 
investment
3 2.9
New younger customers (E.g. due to lower up front 
costs of microgeneration)
2 2.0
Green Deal related market uncertainty / complexity of 
Green Deal and difficult for consumers to understand 
how it will work
2 2.0
Increasing energy prices could help increase number 
of microgeneration installations
2 2.0
Younger customers more worried about job security 
and less willing to spend any savings
2 2.0
Nine installers stated that they did not have the capacity to market against this negative 
media representation of small scale renewables, or that they were having to invest much 
more in marketing. Advertising efforts were compounded by market uncertainty and lack of 
public trust in government-administered schemes. As five installers noted, it was very difficult 
to supply potential consumers with clear information about financial incentives when they 
were either changing on a regular basis, or there was considerable uncertainty over when 
the Renewable Heat Incentive and Green Deal would be introduced. This reflects a lack of a 
co-ordinated strategy by government to deploy microgeneration, and the fragmented nature 
of financial instruments either in place or proposed to support these technologies (4 
respondents). With the decline in installations, which has also been charted above (Figures 
17-21). Eight installers remarked that they were experiencing greater competition, while six 
respondents noted that profit margins had been squeezed significantly. More generally, the 
impact of the recession was mentioned by nine respondents. Conversely, eight installers 
said that they had actually seen increased business or turnover.
A range of adaptations to installer business models had occurred as a result of rapid market 
change and uncertainty created by unpredictable government policy. At the extreme end of 
responses to market change, nine installers had either stopped (or were considering no 
longer) installing microgeneration or were not planning to renewing their microgeneration 
certification licence on its annual expiry. Six respondents had experienced redundancies, 
reduced the number of their full-time employees, and/or increased out-sourcing of work they 
had previously carried out in house. A further six installers were having to reduce their 
working hours, or needed to supplement their income elsewhere. Others had been able to
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adapt their businesses structurally to a lower demand market for microgeneration. For 
example, nine respondents had returned to core services that they provided before they 
started installing microgeneration (such as electrical or plumbing and heating contracting). 
Six installers had diversified their product and/ or service offerings, while five had moved 
their focus away from the residential market, to fitting microgeneration to supply energy to 
commercial buildings for example.
A great deal of anger in the repeat survey comments was directed at the Feed-in Tariff (FIT) 
cuts, and the Government handling of those reductions from the time of the announcement 
of halving of the FITs on 12 December through the subsequent court case and eventual 
decision on the extension. For example, one respondent commented:
"A viable and green business model has been squandered by the government handling of 
the feed in tariff changes."
“The ridiculous way in which the Government announced [s ic ] the change in Feed in Tariff 
causing almost hysteria amongst Clients [s ic ] and the incredibly poor execution of tariff 
reductions. In addition the failed court appeals by the Government seemed to be a ploy to 
work to the timeescaies [s ic ] that they iiiegaiiy announced. The Government has ruined the 
PV industry. We went from a slowly increasing rate of instailation to no installations and 1 
enquiry since February. Says it ail really”.
There was a feeling amongst some respondents that the boom and bust nature of the FIT 
halving episode between October 2011 and April 2012 had made business planning 
extremely difficult - instead tariffs should have been reduced more gradually and predictably 
on a regular basis from the outset:
“Deadlines in FIT rate drops have caused very high stress levels. Considered giving up due 
to this. The level of FIT rate drops have [s ic ] been problematic as we have never been 
allowed to plan for the workforce.”
“Much less work due to bad handling of FIT by government, it should be where it is, but 
should have got there consistently and predictably.”
Some companies complained of the human or human resources impact of market decline, or 
the difficulty of raising enough finance to keep their business going:
"We are dieing [sic]. Both my husband and i have to work other jobs to have enough to pay 
the rent and the bills. "
"Last year I had planned to take on an apprentice, this year I do not have enough work to 
keep an apprentice occupied. "
Lack of demand for installations was not seen to have reduced the number of accredited 
installers, meaning there were now more companies than available work:
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"The huge num ber o f installers now accredited means there is not enough work to go
round. "
"Feed in tariff down, sheer numbers of competirors [s ic ] up. Combined have kiiied us".
Some installers had been able to survive because they had not focused exclusively on 
microgeneration -  after the decline in the market a number were able to draw on income by 
returning to the provision of core services such as electrical contracting, and plumbing and 
heating:
"I knew that the bubble would burst so did not put ail my resources into that market and 
decided to keep a focus on my normal electrical work. "
"We have ensured we were not reliant on PV work during the boom, this has stood us in 
good stead now. Microgeneration is not a viable industry to currently base a business model 
on. "
“We have withdrawn [s ic ] to our core business (heating and plumbing contractors) as it has 
not been possible to Justify the expenditure of money on microgeneration as it has been 
subject to delays and change as the government makes up policy.”
Many respondents mentioned government mishandling of the Feed-in Tariffs and delays to 
the Renewable Heat Incentive. A few also mentioned the Green Deal. As with the interviews, 
the comments to the repeat survey suggest a lack of business confidence in any government 
schemes intended to incentivise microgeneration:
"Solar PV has been a nightmare and we have learnt to regard anything associated with the 
process with great caution. For similar reasons we are very sceptical about the take-up of 
[the] Green Deal and will be watching how the scheme progresses.”
A few comments echoed sentiments expressed in the interviews that ongoing short term 
changes to tariffs made business planning very difficult. One respondent also applied this 
argument to changing Microgeneration Certification Scheme requirements:
“MCS is like planning business on Quick sand [sic], particularly with the continual FIT 
change, changes in MCS requirements ...”
A few businesses struggling for income were taking a wait and see approach, hoping that 
the number of competitors would reduce or demand for installations would eventually return, 
but this was not a strategy they could continue indefinitely:
"The reason the company is still in a position to trade is two fold. Firstly we are in a position 
to not be dependant on the income from the company. Secondly we have kept it running 
during 2012 in the hope that other companies would pull out of the market and consumer 
demand would return. Whilst it would appear that the former is happening, the later [s ic ] is
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most certainly not to the extent that if  we don't see a drastic turn round by spring then we 
also will withdraw from the market. "
“We are trying to survive this period in the belief that the number of competitors wiii reduce 
and that demand from domestic consumers wiii recover gradually from next year. "
As mentioned in some of the interviews, several installers found that demand was greater in 
the commercial (or local housing authority) sector compared to (private) residential, where 
lower prices for PV made good business cases for investments based on future electricity 
savings:
"However we are seeing movement in the commercial sector as the failing price in panels 
has allowed it to be commerciaiiy sensible for businesses to put money into saving electricity 
costs. "
"We have moved out of the residetiai [s ic ] market as it is unsustainable. We have targeted 
the commercial sector and LHA [ioca l housing authority] where the work is. WE [s ic ] have 
also upskilled and employed to plumbers to develop our portfolio into Solar Thermal in time 
for RHI, Biomass, Air Source and underfioor heating. We are also active in securing Geen 
[s ic ] Deal instaiier accreditation in PV, Solar Thermal, Insulation, Biomass, LED Lighting, 
Underfioor heating and Air Source. Our invetsment [s ic ] in upskiiling and training coupled 
with gaining GO [Green Deai] and MCS in these technologies is circa £50,000."
“Domestic sector business has dropped off dramatically in the past twelve months, only 
recently starting to increase as news of the RHI domestic started to hold more promise. 
Much of our business has been small scale commercial. ”
Conversely, one respondent stated that the number of commercial projects had decreased: 
“Drop in Commercial projects”.
While some installers had found that other services they offered such as electrical 
contracting and plumbing and heating work had increased, solar PV enquiries in particular 
had decreased markedly:
"Normal electrical work has increased PV work decreased very few enquiries. Latter is 
government reduction in tarrif[s lc] confusion people are very confused. "
One installer suggested that the rush to install before the proposed Feed-ln Tariff reduction 
from 43p/KWh to 21p/KWh had wiped out many of the orders that might have occurred 
during 2012. Moreover, and as mentioned by a number of repeat survey respondents and 
interviewees (Chapter 5) the public lacked awareness that the costs of installing solar PV 
had fallen by almost the same degree as the Feed-ln Tariff for residential solar PV, meaning 
that the return on investment was effectively unchanged.
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"Domestic consumers who were thinking about instaiiing soiar eiectricity rushed to get it 
done before the tariff reductions. Wiping out the 'prospects' and order books for 2012. Other 
consumers are generally aware that feed in tariffs have been cut, but they aren't aware that 
this is broadly in line with the fail in installation costs. They believe the investment won't 
make sense, even though this is wrong. So, the response rates to marketing efforts have 
plummeted meaning most advertising at the moment is uneconomic. The combination of 
these two factors has decimated the volume of soiar work we are currently carrying out.”
Quite a few installers, both in the interviews and repeat survey, suggest that the public have 
been influenced by the media coverage and publicity around the Feed-ln Tariff court case 
into thinking that the scheme has been terminated, no longer presents good value for 
money, or they have simply lost faith in any government-backed scheme. It is beyond the 
capacity of small businesses, at least individually, to breach this marketing gap:
“The PV domestic business has died due to the cut in FIT rate. Customers have been fed 
the line that Fit [FIT] rate has been cut, but do not know that its [s ic ] stiii a worthwhile 
investment as the ciosts [s ic ] have dropped, i guess it [s ic ] up to the industry to reset that 
view, however for the small guy, its [s ic ] very difficult to educate the whole of the public ”
Microgeneration heating systems meanwhile, have slower lead times to installation than 
solar PV because they require more disruption to customers’ homes to be fitted and impact 
directly on people’s comfort in the home:
“The main factors in the slower growth levels are two fold. Firstly the drop in FiT's [s ic ] and 
the negative publicity around this means that many customers are still not aware that the 
rates of return are the same, if not better, as they were when the tariff was at it's [s ic ] 
highest rate. Many customers have disregarded the idea of PV entirely, with some even 
citing that they are not confident that the government will honour the 20 year tariff lifetime. 
Secondly, the nature of heating jobs (the amount of plumbing, the disruption to a customer's 
home) etc [s ic ] means that people are less impulsive about instaiiing the systems. The fact 
that PV is a 'passive' system (i.e., fit and forget) whereas heating is a more 'active' system 
(i.e. has direct relevance on your daily comfort and living habits) plays a massive part in the 
length of time it is taking customers to go ahead with heating systems, thus growth this year 
has been slower. ”
While longer lead times mean a market moving more to microgeneration heat will experience 
slower growth than PV, as many installers commented, delays to the Renewable Heat 
Incentives for residential installations have been significant in constraining growth, because 
businesses cannot give potential customers clear information about whether and when 
incentives will be available.
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"the [s ic ] RHI dithering is also not helping renewable energy heating installations to 
progress and grow with with [s ic ] any confidence as you can never give a straight answer to 
the customer, the [s ic ] complete lack of faith in any politician is remarkabiell"
“It has not been possible to give simple, clear and truthful information to customers on the 
possible incentives as the information has not be [s ic ] available and without incentives to 
customers it is virtually impossible to sell the products. ”
Not only are many customers unable to afford up front costs, but this is, according to another 
comment, compounded by a lack of trust in government incentive contracts being honoured 
or the Renewable Heat Incentive for residential installations even happening at all:
"Lack of money to invest up front is a big barrier. Mistrust of the government initiatives is a 
barrier - people have no faith that tariffs will actuaiiy be paid or that [the] rhi [RHi] wiii 
happen.”
More profoundly, one installer suggested that the public are confused because there is no 
clear, co-ordinated public communications strategy by the government on incentives for 
small-scale renewables and energy efficiency in the home:
“No clear message is being given by Government. People are confused as to what is on 
offer from when, it needs a uniform approach that clearly explains to the public the benefits 
from going green and saving energy or producing your own, using wind or soiar. ”
Two installers suggested that the market for heat pumps has begun to expand recently:
“Has been a very recent increase in interest in air source heat pumps.”
“Domestic [s ic ] PV has dropped off substantially. Heat pumps have picked up. Picking up 
complete refurb projects which include microgeneration”
While demand for PV crashed following the halving of the FIT for solar PV, one installer was 
still fitting solar thermal systems at a ‘steady pace’ and another at a ‘trickle’. However, it was 
suggested by the latter respondent that solar thermal and heat pumps were still being held 
back by delays to the residential RHI.
“Huge drop in demand for PV caused by changes in FIT. Solar [s ic ] thermal installations 
have continued at a steady pace.”
“Bottom has dropped out of the PV market because of dramatic FIT reduction. A trickle of 
domestic soiar thermal jobs are there. Failure of Govt [s ic ] to launch RHI has put most 
domestic solar thermal and heat pumps on hold”
Another installer suggested that they were receiving more interest in solar thermal:
“More enquiries now for Thermal [s ic ] systems.”
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There was a perception that fierce competition amidst lower demand has meant that prices 
and profit margins are being increasingly squeezed, in a market where much more work is 
required to win work, i.e. secure an installation:
"Many installers stuck with stock are reducing their prices in desperation on a daily basis, 
just to try and claw some money back, reducing the price on many jobs to iess than the cost 
of the components. "
"...due to the large number of installers chasing a very small market in recent months, profit 
margins have had to come down significantly compared to prvious [sic] two years. At one 
stage profit was approx [s ic] £3000 per installation, now down to only £1000  -  1500. Clearly 
at the lower profit margin, there is a need for much more work, so the long term is relatively 
bleak unless we can do more to market solar PV and win more work. "
“We are also spending a lot more time and effort on marketing and publicity this year than in 
2011, having relied solely on word of mouth and a few news paper [s ic] articles etc [s ic ] 
during 2011."
There are some suggestions that where potential customers do get the message about 
lower prices of solar PV, a new market is opening up to younger people, but sales are limited 
by their unwillingness to spend savings or compromise job security:
"The failing prices have opened up new markets - typically a younger clientele, but they live 
in fear for their employment, and hence although convinced of the compeiiing arguments 
regarding PV the competition is their job security. Last year, approx [s ic ] 1 in 5 surveys 
done didnt [sic] result in a project (ie [s ic] not being built), now its [s ic] 5 out o f 6 - ie [s ic ] 
this is not us loosing [s ic] to a physical competitor, this is the project not being built - 
because people do not want to spend their savings etc. As each survey, pitch, design and 
proposal takes (approx [s ic] 1 man day) we have ramped back on PV marketing as it 
distracts from our core business for a very limited return. Which is a shame. We love 
instaiiing PV. "
Nevertheless, one installer thought that solar PV customers were confined to relatively 
wealthy, retired people, formerly from professional occupations. This was exacerbated by 
the impact of the UK recession:
"People are unwilling to spend large amounts of savings when they may not have a job 
tomorrow. The only people who appear willing to install soiar PV are the relatively well-off, 
retired, ex -proffessionals [s ic ] on good pensions"
Unsurprisingly, one microwind installer was acutely aware of the potential impact of an anti­
wind lobby within the UK government, which had emerged recently amongst some 
Conservative members of the Coalition:
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"...business threatened by strong anti-w ind stance within government. M icro-wind is in
danger o f being kiiied due to a sm aii num ber o f very vocai objectors to on-shore wind farms. "
While two of the interviews discussed in Chapter 5 revealed the impact of different subsidy 
structures in Northern Ireland, in Scotland the financial case for microgeneration was more 
favourable than in England due to interest-free loans:
“This year has been very quiet - beginning to pick up now foiiowing the Scottish Government 
restarting interest free bans of up to £10,000 for householders instaiiing renewable [s ic ].”
6.4 Impact of installer businesses on microgeneration installation standards in homes
Only a few comments in the repeat survey related to standards of installations specifically. 
For example, one respondent briefly referred to the lack of monitoring of installation quality, 
a theme which was elaborated on in the previous chapter during the discussion of the 
Microgeneration Certification Scheme:
“And as for the amount off [s ic ] very bad installs out there it's terrible, it should've been 
policed far better”
Another installer was very emotive about the impact of a race to the bottom in terms of price 
competition and undercutting, so that although the respondent’s business placed a premium 
on high quality installations, they could not compete with other businesses who 
compromised on quality in order to maximize sales of systems. His opinion of such 
companies was based on conversations with some of their customers, who were not 
informed of what types of modules or inverters were fitted in their homes, or were not told 
this when they were sold the systems. Sales staff for such installer businesses did not have 
the technical knowledge to judge the suitability of an installation in homes in the first place.
"Since 1st August 2012 i've had no work, i'm considering folding the business but i love 
doing it and i've spent at least £10k-£15k on training that would become useless if  I gave up. 
Every install I've ever done has been to the highest quality but I can't compete with the cold 
calling sales [s ic ] that charge less for cheap systems that the customer doesn't even know 
that they have. I've spoken to several people whom [s ic ] have had [an] install completed 
from other companies that are from the double glazing side of this industry. The customers 
don't even know what panels are on their roof or what type of inverter has been installed. 
They were never told this at point of sale. As per other industries the small good guys are 
getting chewed up by the high marketing double glazing type companies. The sales person 
doesn't even go into the loft, check electrics are suitable, i've know of several small firms like 
myself who have seized trading as the [s ic ] can't compete with the cowboys. Oh and the 
government hasn't helped either with the changes made then going to court. Consumers
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don't have faith anymore, it has been badiy managed from the start and you think we couid 
have learn't [s ic ] from ail the mistakes Germany, France etc have made, but [s ic ] we 
haven't.”
One installer had increased their extent of sub-contracting due to cuts in the number of core 
staff and a new focus on maximizing profits, with potential questions as to whether such an 
approach would impact negatively on the standards of their installations:
“Significant reduction in personnel from 20+ to just myself and BDM. We now outsource 
everything we can. Office move to significantly reduce overheads. Model is now one where i 
can concentrate on developing the business in the knowledge that ail overheads are 
covered and i can maximise profits.”
Conversely, and on an optimistic note, a solar thermal installer continued to pursue a 
business model predicated on developing improved applications and standards of solar 
thermal, despite short-term pressures, with the hope that the reward would be a longer-term, 
more sustainable business growth:
"The focus of my company is very much on quality instaliations, and on testing and 
developing applications of soiar thermal. Though it is not easy, this is essentially our 
business model, to develop better applications and standards in order to be able to grow 
commerciaiiy in time. "
6.4.1. Selection of manufacturer for microgeneration systems installed in homes
Both the main and repeat survey asked respondents, ‘Which manufacturer and product 
model has your business most commonly installed in homes for each of the following 
technologies?’, and presented two boxes for manufacturers and product names alongside 
each of the nine technology types. Question 11 in the repeat survey requested this 
information for the period October 2011 to September 2012, continuing on from the April 
2011 to September 2011 period specified in the equivalent main survey question. The data 
illustrates both standardisation and diversity of business models.
In the main survey, 38% of 227 businesses which installed solar PV modules fitted systems 
produced by two manufacturers: Sanyo and Sharp. A further 8% of installers fitted Schott 
modules. In the repeat survey, four manufacturers were mentioned by half of all the 77 solar 
PV installers who responded to this question: Hyundai, Panasonic (formerly Sanyo), Suntech 
and Sharp (Figure 32). A wide diversity of manufacturers were named - 31 across these 77 
businesses. At least 57 different manufacturers produced the systems installed by 227 
installer firms in the main survey. 72% of main survey respondents mentioned solar PV 
products that they installed compared to 67% in the repeat survey.
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59% of 223 main survey respondents which installed solar PV inverters from April 2010 to 
September 2011 fitted systems produced by one manufacturer: SMA. A further 20% of 
installers fitted Fronius inverters, while 8% installed PowerOne inverters. Despite this, an 
additional 29 manufacturers were used for inverters by these 223 installer firms. 67% of the 
114 repeat survey respondents mentioned inverters that they installed, compared to 70% of 
the 317 respondents to the main survey. The repeat survey data is similar as 58% of the 77 
businesses who installed PV inverters from October 2011 to September 2012 used SMA 
(Figure 33). However, 23% (18 businesses) fitted PowerOne inverters, and 13% (10 
companies) installed Fronius inverters, effectively a reversal of the 2nd and 3rd most 
frequently used manufacturers compared to the main survey.
Almost half (49%) of 100 businesses which installed solar thermal systems in the main 
survey used systems installed by four manufacturers: Kingspan, Worcester (Bosch), Vaillant 
and Barilla (Solar). Similarly, in the repeat survey, products used by half of the 37 solar 
thermal installers were manufactured by four companies: Kingspan, Barilla (Solar), 
Worcester (Bosch) and Glow-Worm (Figure 34). 37 installers fitted systems produced by 20 
diffferent manufacturers; compared to the 100 solar thermal installers in the main survey 
who mentioned 38 different manufacturers. None of the repeat survey installers fitted Vaillant 
systems, yet this was one of the four most frequently-named manufacturers in the main 
survey.
At least a quarter of repeat survey respondents (30 from 114) installed air source heat 
pumps in homes from October 2011 to September 2012. The equivalent proportion for the 
from April 2010 to September 2011 was likewise a quarter (82) of all 317 respondents. On 
the one hand, 53% of these 82 businesses fitted systems produced by three manufacturers: 
Mitsubishi, Daikin and NIBE. On the other hand, at least 23 different manufacturers 
produced the systems that they fitted in homes. As with the main survey, the dominant 
ASHP systems fitted by repeat survey installers were manufactured by Mitsubishi, Daikin 
and NIBE, and these accounted for more than half of the common products mentioned 
(Figure 35). 13 different ASHP manufacturers were mentioned across all repeat survey 
respondents, compared to 23 in the main survey which was completed by almost three times 
as many installers.
Just over half (52%) of the 43 businesses which installed ground source heat pumps from 
April 2010 to September 2011 fitted systems produced by three manufacturers: NIBE, 
Danfoss and Worcester (Bosch). At least 17 different manufacturers produced the systems 
installed by these 43 installer firms. Only 15 installers from 114 repeat survey respondents 
listed GSHP systems that they used from October 2011 to September 2012. This was 
proportionate to the 43 installers who named GSHP products in the main survey, with almost 
three times as many respondents overall. Of the 15 repeat survey installers, all except two 
installed either Worcester (Bosch), Dimplex or NIBE systems. This compares to just over 
half of GSHP installers in the main survey who fitted NIBE, Danfoss or Worcester products.
190
No repeat survey businesses said that they installed Danfoss systems, but no conclusions
can be drawn about market change from such a small sample size.
In the main survey only 26 respondents from 317 gave examples of biomass systems that 
they installed, and the equivalent figure was 12 from 114 respondents in the pilot survey. 10 
of the latter biomass installers mentioned unique manufacturers of biomass boilers, although 
two installers fitted Windhager systems. This mirrors the main survey where a large diversity 
of biomass manufacturers were identified (17 across 26 installers).
Seven micro-wind installers in the repeat survey mentioned six different product 
manufacturers, two of which fitted Eva nee turbines. In the main survey, 12 different 
manufacturers were chosen by 15 businesses for micro-wind turbine installations. Six of 
these installers fitted Proven (Energy) turbines.
Only two installers in the repeat survey named micro-CHP systems that they fitted in homes 
from October 2011 to September 2012, and both of these were manufactured by Baxi. 
Similarly, just two micro-hydro manufacturers were mentioned by two installers (Andritz Atro) 
and Pico Energy Ltd (Self manufacture).
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Figure 32 Number of repeat survey respondents using different manufacturers for 
installations in homes, October 2011 -  September 2012: solar PV modules
■ Hyundai
■  Panasonic (Formerly Sanyo)
B Suntech
B Sharp
BREC
H Schott
fi Upsolar
fl Phono-Solar
B Caymax
B Canadian Solar
BYingli
B Romag
BZN Shine
B Manufacturers mentioned only once
R Manufacturer(s) not specified
Figure 33 Number of repeat survey respondents using different manufacturers for 
installations in homes, October 2011 -  September 2012: solar PV inverters
b SMA 
a Fronius 
B Powerone
■ Diehl 
B Eltek
■ Solar Edge
B Manufacturers mentioned only once 
B Manufacturer(s) not specified
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Figure 34 Number of repeat survey respondents using different manufacturers for 
installations in homes, October 2011 -  September 2012: solar thermal
■ Kingspan
■ Barilla (Solar)
«  Worcester (Bosch)
■ Glow-worm
■ Roth
B VIessman
■ Dimplex
■ Gasokol
■ Navltron 
B Solfex
■ Sunnpro
■ Manufacturers mentioned only once
Figure 35 Number of repeat survey respondents using different manufacturers for 
installations in homes, October 2011 -  September 2012: air source heat pumps
■  Mitsubishi
■  Daikin
■  NIBE
H Dimplex
■  Husky
■  Samsung
■  Manufacturers mentioned only once
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Question 12 asked respondents to rate seven factors according to the extent to which they 
were a priority when they chose which manufacturers to use for the microgeneration 
systems they installed in homes (see Figure 36). Product performance and reliability was 
rated as the most important priority, with 93% of respondents selecting ‘Essential’ or ‘High 
priority’. The next most important factor was seen to be manufacturer service and back up, 
with 93% of installers indicating this was at least medium or high priority or essential. The 
terms of manufacturer warranties and the wholesale cost of products, when purchased by 
installers, were also considered to be at least medium priorities by most installers. This was 
also the case with customer preferences, but to a lesser extent. Almost half of respondents 
did not think that having manufacturers based locally to an installer was a priority at all, while 
close to two-thirds indicated that deals (e.g. discounts) offered by suppliers or distributors to 
installers represented a low or medium priority.
Figure 36 Extent to which repeat survey installers rated seven different factors as a 
priority when they choose manufacturers for microgeneration systems they install in 
homes.
Wholesale costs of products
Terms of manufacturer warranties
Product performance and reliability
Manufacturer service and back up
Locally-based manufacturers
Deals offered through suppliers or distributors
Customer preferences
B Not a priority 
Q Low priority 
E Medium priority 
B High priority 
B Essential 
B No response
0% 20% 40% 60% 80% 100%
Cumulative percentage of all 114 responses
Question 12 also included an ‘Other’ category, instructing respondents to comment on other 
factors that they considered and their relative priority level (see Appendix G). These 
comments also reveal a range of reasons why installers might select a given manufacturer. 
In addition to considering which manufacturer best meets the system requirements, it might 
sometimes come down to availability. It is stated here that this is less of an issue now, but
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evidence from the installer interviews (Chapter 5) suggests that there were many supply 
shortages when demand for PV was excessive in the race to beat the proposed FIT halving 
on 12 December 2011:
“The best match for the system and what is available at the time, in the old days they did sell 
out".
As with several of the installers who were interviewed, one respondent used the comparative 
field tests conducted by Photon International to select PV modules and inverters based on 
their real-world performance. Again, similar to points raised in the interviews, this installer 
criticized Chinese PV manufacturers on the basis of poor technical support, and uncertainty 
as to whether they would exist long enough to honour their warranties:
“We increasingly look at the Photon performance tests to look for good performing panels 
and inverters. Also becoming more concerned about the long term viability of different 
manufacturers, being particularly concerned that some chines [s ic ] manufacturers not only 
offer poor technical service backup, but also may not be around in long term [s ic ] to follow 
up on warranty issues".
The main survey found that warranties for microgeneration heat systems are generally 
shorter than those for solar PV (Chapter 5). This may be because solar PV experienced a 
greater rate of learning across the industry with favourable subsidy support and responsive 
customer demand. It was suggested in a comment to Question 12 that very short-term 
warranties reflect a lack of manufacturer confidence in their products:
“The whole idea that [a ] manufacturer can charge large amounts for a poxy additional 12 
months warranty is not acceptable. To give a small one year warranty initaiily [s ic ] then 
expect customers to pay for 1 extra year does not give confidence to their products. Come 
on! when [s ic ] you actuaiiy look inside these heat pumps you do wounder [s ic ] why?"
Quality, performance and reliability were emphasized as being very important for choosing 
manufacturers of biomass boilers by the following installer, who therefore looked to Austrian 
and German, rather than less market-mature British manufacturers:
“We would not contemplate instaiiing a British made biomass boiler as the quality, 
performance and reiiabiiity is not regarded as being highly developed, unlike the Austrian 
and German makes".
Similarly, another respondent stated:
“We choose our manufacturers primarily on the quality of the product".
The above four comments add support to the quantitative analysis of categories, which 
found that by far the majority of respondents indicated that product performance and 
reliability was either essential or of high priority in choosing manufacturers.
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Question 12 did not include a category specifically for the carbon life-cycle of 
microgeneration systems, and this was an issue that was mentioned very little across any of 
the surveys and interviews, with the exception of biomass, but with respect to solar PV a 
repeat survey installer considered:
“How long the panel takes to return the carbon embedded in manufacture”.
Evidently not only quality and performance influence installer decisions as to which 
manufacturer to purchase systems from, such as brand reputation and aesthetics, and these 
may also be influenced by customer preferences (Usually at least a medium priority in the 
quantitative analysis of Question 12 categories above):
“High priority - recognised brand name for modules”.
“aesthetics [s ic ]”.
It was also suggested that the way the Feed-ln Tariff was being managed had impacted on 
the competitiveness of UK manufacturers with their counterparts from overseas:
‘We are moving to an off-shore supplier because of central FIT policy drivers which is 
making it very difficult for UK manufacturers to keep up”.
6.4.2. Extent of sub-contracting
36 of all the 114 repeat survey respondents sub-contracted microgeneration installation. Two 
businesses who sub-contracted 50 staff to install microgeneration from October 2011 to 
March 2012 reduced their installation sub-contractor teams to 6 and 20 staff respectively. 
Another installer sub-contracted 15 installers in the first six months, reduced their team to 
two from April to September 2012. A further business decreased their sub-contracted 
installers from 12 to 4, while conversely, a fifth company saw an increase from 10 to 15.
Electrical work was sub-contracted by 51 installers. The largest electrical contracting activity 
per one business declined from 80 staff to 11 by April to September. The second largest 
increased from 20 to 35, and the third remained stable at 10 sub-contractors in each period. 
A fourth business sub-contracted 12 electrical staff from April to September, but did not sub­
contract any in the previous six months.
100 out of 114 installers either did not sub-contract microgeneration servicing and 
maintenance, or missed the tick boxes for this category. At one business, sub-contracting for 
servicing and maintenance declined from 11 staff members to 1, and from 6 to none for 
another.
25 installers sub-contracted plumbing and heating, 5 of which employed one contractor in 
each period, while another five had two sub-contractors in each of the six months. This area
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of sub-contracting seemed to be quite stable -  two businesses had six plumbing and heating 
sub-contractors in both periods. An exception was one installer who sub-contracted 10 staff 
between April and September, six more than in the previous six months.
35 respondents sub-contracted roofing services. One business experienced a decline of 
sub-contractors from 30 to 10, and another from 10 to 4, but otherwise the maximum number 
of sub-contractors was six in either of the two periods.
Scaffolding was the most sub-contracted service, with 63 out of 114 installers choosing to 
sub-contract it. This is perhaps not surprising given that scaffolding is a readily available skill 
utilized across the building industry for various purposes. However, there were examples of 
significant decline in the extent of scaffolder sub-contractor, the most notable being declines 
in hired staff from; 80 to 6; 30 to 10; and 15 to 6. Two businesses sub-contracted 10 
scaffolders in both periods. Where businesses sub-contracted only a handful of scaffolders, 
the data suggests greater stability -  9 installers sub-contracted one scaffolder from October 
to March and from April to September; 13 sub-contracted two staff in each period; and eight 
consistently sub-contracted 3 scaffolders.
Only 15 of the 114 respondents sub-contracted sales and marketing, nine of which had just 
one sub-contractor in each six-month period. This may reflect declining marketing activity, as 
mentioned in Section 6.3.2 above. Site surveys and specifying microgeneration systems for 
installs would seem to have been mainly conducted in-house, with just 16 and 8 sub­
contracting for these services respectively. One installer had sub-contracted site surveys 
using 8 staff from October to March, but had no sub-contractors in this area from April to 
September. Another business employed 11 staff to do this in both periods, but this an 
exception. Otherwise, no more than 3 sub-contractors were used in either six months for site 
surveys or specifying systems for installs.
Aggregate changes in the number of sub-contractors for all the repeat survey respondents, 
broken down by the category responses presented in Question 14 of the survey (Appendix 
G), are shown in Figure 13. Overall, between the two six-month periods either side of the 
halving of the Feed-ln Tariffs from 43p to 21 p per kWh, the number of sub-contractors per 
business almost halved from 9 to 5 employees. This compares to a much more modest 20% 
decrease in the number of core, directly-employed staff, from five to four. One respondent 
commented in the repeat survey that they had implemented a “Reduction in directly 
employed staff from 5 to 3, due to the slow down in business requiring a revised business 
model”.
The main cause of this reduction in sub-contractor activity is most likely due to fewer solar 
PV installations from April to September 2012: scaffolding, roofing and electrical services are 
all solar PV related, while the decrease in microgeneration installation sub-contracting is 
probably because solar PV attracted the greatest demand for work of any microgeneration 
technology, particularly from October 2011 to March 2012. Conversely, plumbing and 
heating sub-contracting, which is not required for solar PV installations, increased marginally
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in the second period. Notably, the extent of sub-contracting is very minimal in both periods 
for administration and sales and marketing, site surveys and specification of microgeneration 
systems for installation, and servicing of systems. The main survey suggests that most site 
surveying and design was conducted in house (by four-fifths of installers). Approximately half 
of installers did not carry out maintenance, while only 15% of respondents sub-contracted it.
Figure 37 Change in average number of sub-contractors per microgeneration installer 
business over successive six-month periods: October 2011 -  March 2012 and April 
2012 - September 2012
TO cn
tu O)
a  Oct 2011 - Mar 
2012
B A p r2012- Sep 
2012
Question 14 also provided a comment space, presented by the following instruction: ‘Other. 
Please state nature of service sub-contracted and number of staff. 23 respondents used this 
space mainly to elaborate on the numeric answers they had given in the categories for 
subcontracting.
There are some problems with interpreting average number of sub-contractors per business 
over the two six-month periods shown in Figure 37. For one, a six-month average may not 
capture shorter-term peaks in sub-contracting activity, such as during the rush to the 12 
December 2011 deadline. Also, the time spent by sub-contractors working for a given 
installer business depends on the number of installations that they are fitting per week. 
Question 14 aiso does not ask how many companies installers sub-contract from, only total 
numbers of sub-contractors by service provided. These points were raised by one 
respondent:
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“Numbers above are not very indicative. Since aii of our eiectricai and roofing instailation and 
scaffolding is carried out by two subcontractor firms. It is better to say that at times we were 
doing up to five installations a week, so were requiring two electricians and four roofers on 
an almost permanent basis (approx [s ic] 6 weeks in November and Dec), whereas at other 
times we have been down to one instaliation a week (or iess) so now only require two 
electricians and two roofers whenever required. The subcontractors then go back to their 
normal electrical and roofing work when we do not have sufficient business for them. We 
have always worked with the same eiectricai firm and two different roofing companies, 
although with roofing we now only need to use one of them due to current volumes.”
Two respondents noted that their use of sub-contractors for electrical work was occasional, 
or sub-contracted to a third party rather than involving the sub-contracting of individual staff.
“Occasional use of electricians for complex installations or three phase work. Otherwise, all 
staff were employed. ”
“Subcontracted electrical work to a third party on several occasions, but not as temporary 
staff.”
The implication is that, where electrical and plumbing services are sub-contracted, they are 
usually for electrical or plumbing work required to complete installation of microgeneration 
systems in homes:
“We use subcontractors to carry out the plumbing and eiectricai installation works on ali our 
projects.”
Another installer found that requesting numbers of sub-contractors created some confusion, 
while another decided to categorise installation activity under roofing service and electrical, 
even though a distinct category for microgeneration installation was included in the question:
“Confusing question, most Jobs require an electrician and we sub out this work, some Jobs 
require scaffolding. We use a sub contractor or two for some of our plumbing work”.
“N.B. The Microgen Instaliation figure is 0 because i have split it out into Roofing services 
and Eiectricai work. ”
The comments also support the numerical analysis of sub-contracting above, in that several 
respondents said that they sub-contracted scaffolding, even if they did most or all other work 
in-house.
“We used to do it ail and only sub-contracted a scaffolder. ”
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“Scaffolding company. We do everything else ourselves.”
“All specialist services we have inhouse [sic]. We sub-contract in only scaffolding. ‘
An issue with sub-contractors is whether they have actually been certified themselves 
through the Microgeneration Certification Scheme. In one case, an uncertified 
microgeneration installation sub-contractor was supervised by a certified installer. This 
means that the quality of supervision is crucial and it is concerning that an installation sub­
contractor does not need to be officially certified, certainly from a point of view of maximizing 
installation standards:
‘Microgeneration instaliation sub-contractor only used under our supervision and do not carry 
their own certification. ’
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7. Research Synthesis
7.1 Introduction
This thesis has examined the role of installer businesses in the uptake of residential 
microgeneration, focusing on the period from April 2010 to September 2012. Chapter 3 
addressed case studies including householder experiences of different microgeneration 
technologies and installers, optimal use of microgeneration and resident energy 
consumption in homes with microgeneration, as well as an analysis of the performance of 
solar PV. These case studies covered households in Godalming, Surrey Green Homes in 
the Guildford area, Brookwood Farm, Woking, and the researcher’s parents’ home in the Isle 
of Wight. The objective was to ground the core research in the user and monitoring 
perspectives of residential microgeneration. Five different types of microgeneration were 
encountered in these case studies, including air source and ground source heat pumps, 
biomass (albeit small capacity wood-burning stoves for living room heating), solar PV and 
solar thermal. Chapters 5 and 6 set out the results of the core research. The findings from 
the main survey of 317 installer businesses were presented in Chapter 5, combined with 
insights from the follow-up interviews with 22 installers. The main survey collected data for 
the period from April 2010 to September 2011. The interviews were conducted from July 
2012 to November 2012. A repeat survey was conducted to update this analysis, and 
encapsulate in full the market change occurring prior to and following the halving of the 
Feed-ln Tariffs for residential solar PV from April 2012. 113 responses were received from 
installers who completed the main and pilot surveys. Chapter 6 presented the results of the 
repeat survey, included selected comparisons with the main and pilot surveys, and 
interviews.
In the present chapter, the research findings outlined in the Chapters 3, 5 and 6 are 
synthesized and discussed with reference to the review of relevant literature in Chapter 2. 
Broader theoretical implications, particularly with reference to theories of socio-technical 
transitions and diffusion of innovations, are discussed in Chapter 8. This chapter is 
structured according to the three thesis objectives which examine the influence installer 
businesses have on: the rate at which microgeneration technologies can be fitted in homes 
(Section 7.2); installation standards (Section 7.3); and overall energy and carbon savings of 
residential microgeneration (Section 7.4). Each section considers specific sub-objectives in 
turn.
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7.2 Research Objective 1: To what extent have installer businesses influenced rates 
of residential microgeneration uptake?
In seeking to address the relationship between installer businesses and rates of 
microgeneration uptake in homes, this section first considers market entry and evolution of 
these businesses (Sub-section 7.2.1). The nature of installer business models are then 
discussed (7.2.2), followed by an assessment of their relationship with drivers and barriers to 
residential microgeneration uptake (7.2.3 and 7.2.4). Sub-section 7.2.5 evaluates the results 
with respect to the geographical variation of installation activity.
7.2.1 What are the factors governing market entry of microgeneration installer 
businesses?
Chapter 2 (Section 2.2.4) presented data on new certifications of installer businesses. This 
showed a rising trend in certifications for solar PV installers from August 2009 to November 
2011, after which time the number of new solar PV certifications declined overall (up to 
January 2013). It is reasonable to associate this with changes in the level of support 
provided by the Feed-ln Tariffs, given interviewee and repeat survey comments (see Section
7.2.3 below). By comparison, new certifications of air source heat pump installers rose from 
below 20 per month to a peak of almost 50 in July 2010. This may reflect anticipation of the 
residential phase of the Renewable Heat Incentive, followed by ongoing delays to its 
introduction, leading to progressively lower market confidence.
Around half of the 317 main survey respondents worked in building services sectors 
(including electrical and mechanical, plumbing, heating and gas) before joining their current 
company (Chapter 5). With respect to an evolutionary perspective of the firm, Carroll & 
Hannon (2000) and Holzl (2005) argue that it is difficult or counter-productive for companies 
to fundamentally change their core business designs. This is consistent with the evidence 
that it has been possible for small businesses to move from building services to 
microgeneration installation, where the nature of the business may be similar (e.g. gas boiler 
installation or electrical contracting) and wider building services skillsets are of benefit. Prior 
to the introduction of the Feed-ln Tariffs in April 2010, solar thermal was the most common 
microgeneration technology installed (Element Energy, 2008a). However, the data does not 
suggest that solar thermal installers moved from fitting solar thermal to installing solar PV. 
Bergman & Jardine (2009) observed that some microgeneration installers under the Low 
Carbon Buildings Programme from May 2006 to May 2008 were plumbing businesses who 
fitted solar thermal as a limited and peripheral activity, while others specialized in solar 
thermal installation.
Some of the survey respondents and interviewees commented on the costs of becoming 
accredited through the Microgeneration Certification Scheme and over-burdensome
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bureaucratic requirements, particularly for very small businesses. The research has also 
identified examples of installers who have decided not to renew their accreditation at least 
partly due to its ongoing costs. One interviewee had previous experience of implementing 
Quality Management Systems and felt more comfortable with the requirements of the 
Microgeneration Certification Scheme (Chapter 5).
The interview with Free Solar PV Company A established that they were a separate 
company created from a large parent company that mainly had social housing clients. Free 
Solar PV Company A was created to target solar PV at the owner-occupier market. Their 
account also suggests that they were set up to apply a free-solar PV profit model to 
favourable Feed-ln Tariffs for this technology, as their installation activities ceased shortly 
after halving of the tariffs from April 2012 (Chapter 3).
7.2.2 How can the business models underpinning installers be characterised and how 
do they vary?
Through the survey and interviews, the variability of installer business models has been 
demonstrated, whether this be in terms of business size and age, technology installed and 
choice of manufacturer, local versus national installation, and extent of sub-contracting 
(Table 50). The variations in business models across different technology types reflect 
differences in economics, levels of subsidies and levels of market certainty that apply. Some 
installers had the capacity to install PV nationally, with its relatively low maintenance 
requirements compared to microgeneration heat. Due to regular servicing requirements, 
renewable heat for residential applications often tended to be installed within the same 
regions that companies were based in.
The surveys established that most microgeneration installer businesses were very small 
enterprises from April 2010 to September 2012. Over half of the businesses who responded 
to the main and repeat surveys had five employees or less, while three quarters had ten 
employees or less. These all fall within the Office for National Statistics definition of micro­
enterprises (ONS, 2008). That most microgeneration installers had few employees is 
consistent with the suggestion by Pickering & Cockerill (1984) that small businesses are 
better placed to develop and deploy new technologies. Element Energy (2008b) also found 
that most boiler installation companies in 2006 were small businesses and sole traders.
Business age mirrors size in that half of the 317 main survey respondents were no greater 
than four years old, with three quarters having installed microgeneration for two years or 
less. Around half of all the businesses across all three surveys focused 100% on 
microgeneration-related work, with a secondary peak of businesses for which only a 
peripheral proportion of company employees worked on microgeneration (5% or 10%). The
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latter are statistically associated with some of the larger businesses in the main survey 
sample (Chapters 5 and 6). Although the data analysis does not reveal why this might be, it 
is possible to speculate that companies which installed microgeneration as a peripheral 
activity may previously have worked in a different business sector and may not have been 
able to comprehensively reorientate their core business designs, which is the consistent with 
the evolutionary perspective of the firm (Carroll & Hannon, 2000; Holzl, 2005) referred to in 
Section 7.2.1. Alternatively, given market uncertainty relating to Feed-ln Tariffs, delays to the 
Renewable Heat Incentive for residential installations and uncertain government support of 
microgeneration, such businesses may simply have considered it prudent to install 
microgeneration only as a small part of their overall business activities.
From April 2010 to September 2012, the most common microgeneration technologies 
installed in homes were, in order of the highest frequency: solar PV, solar thermal, air source 
heat pumps, ground source heat pumps, biomass, micro-wind, micro-hydro and micro-CHP . 
This order reflects the relative number of certified installers for each technologies listed on 
the Microgeneration Certification Scheme website (MCS, 2013). It is evident from comments 
to the main and repeat survey that a quite different set of concerns applied to micro-hydro 
and micro-wind, in comparison to the other technologies. Despite generous support available 
for micro-wind from the Feed-ln Tariffs from April 2010, this technology has been adversely 
affected by low public confidence due to field trials which demonstrated it generally performs 
very poorly except in exposed rural locations (Encraft, 2009; Energy Saving Trust, 2009; 
James et al., 2010; Staffell et al., 2010). In the main survey, several micro-hydro installers 
emphasized the much longer lead times that applied to considerably more expensive micro­
hydro installations with greater planning blocks. This is supported by an analysis by Aldridge 
(2012) on the extent to which non-financial barriers affect micro-hydro more than other 
microgeneration technologies.
Only a minority of the installers surveyed fitted microgeneration in public sector-owned 
homes. In addition to fitting installations in homes, around half of the companies fitted 
microgeneration to supply business, commercial or industrial buildings (mainly solar PV) 
(Chapters 5 and 6).
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Table 50 Characteristics of microgeneration instalier business models identified 
through the survey and interviews
Business model attribute 
(adapted from Morris et 
al., 2005)
Examples of attribute 
measured through 
Installer survey
Examples of attribute measured 
through Installer Interviews
How the business creates 
value
Technology types Installed 
and in which building types 
(e.g. residential / 
commercial); extent of sub­
contracting.
Reasons for installing given 
technologies over others, or in 
residential / non-residential sectors; 
more details on sub-contracting and 
reasons why.
Who the business creates 
value for
Regions installed in; 
location of headquarters 
and premises; 
manufacturers of systems 
installed.
Reasons for local / regional / national 
focus; demography of customers 
targeted. Suppliers or distributors used 
to purchase products, whether sourced 
locally, nationally or within Europe or 
beyond.
Source of business 
competence
Preferred training 
providers; preferred 
manufacturers.
Reasons for choosing manufacturers 
and products, training courses and 
design software or techniques.
Competitive positioning Preferred training providers 
and manufacturers; choice 
of technologies; marketing 
activities.
Approach to quoting and competition 
experienced; some interviewees 
disclosed whether they sold products at 
higher cost / higher quality or lower cost 
/ lower quality.
How the business makes 
profits
Survey establishes some 
proxy data, e.g. number of 
installations / proportion of 
company focused on 
microgeneration.
Some interviewees disclosed data on 
wholesale and retail costs and profit 
margins per installation.
Growth and time 
ambitions and business 
Investment model
Not measured through 
survey.
Frustration about ‘boom and bust’ 
subsidy regime and market uncertainty. 
Often small, local installers interviewed 
could not cope with greater demand 
due to their lack of capacity to respond. 
Proxy data from interviews on plans to 
continue installing certain technologies / 
install new technologies / or stop 
installing microgeneration.
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7.2.3 To what extent are different installer business models shaped by drivers and 
barriers to residential microqeneration uptake?
From April 2011 to September 2011, 30 businesses installed over 60 solar PV systems, the 
maximum category provided in the main survey (Chapter 5). The repeat survey results 
(Chapter 6) reveal a drastic decline in the number of solar PV installations from April 2012 to 
September 2012, compared to October 2011 to March 2012. Many businesses which were 
installing 21-100 solar PV systems in the first six-month period were fitting 1-10 in the next 
six months. The number of solar thermal units and air source heat pumps fitted remained 
stable from October 2011 to September 2012, with the most common frequency of 
installations being 1-5 in each six-month period. Solar thermal has experienced a significant 
decline in uptake since it was the market leading technology, prior to the introduction of the 
Feed-ln Tariffs (Element Energy 2008a). Fewer companies installed biomass boilers and 
ground source heat pumps than the other three technologies, usually with limited numbers 
per business.
Overall, these distributions suggest that the number of solar PV installations in homes is 
dependent on the level of the UK Feed-in Tariff for residential solar PV, and timings of 
government announcements about planned tariff reductions (see also Figure 1 in Chapter 2). 
Low installation numbers for other microgeneration heat technologies may reflect, to some 
extent, continuing delays to the Renewable Heat Incentive for residential installations, which 
was originally scheduled to be introduced by the Government in April 2011. They also 
underline the ineffectiveness of Renewable Heat Premium Payments (RHPPs) introduced as 
a precursor to the residential Renewable Heat Incentive scheme. However, RHPPs were 
more generous in Northern Ireland during the time of the interviews.
Lower installation numbers for heat pumps and biomass also reflect both financial and non- 
financial barriers to uptake. Given the high levels of householder satisfaction with gas central 
heating, these microgeneration heat technologies have greatest potential in off-gas grid 
properties. One biomass installer used a direct marketing strategy to target off-gas grid 
properties in his local area. However, there are still hassle factors associated with their 
uptake, such as the installation of underfloor heating and double-size radiators for heat 
pumps, or loading woodchips and regular cleaning for biomass boilers. Three out of four 
Surrey Green Home residents preferred air source heat pumps to ground source heat 
pumps, because the former were cheaper and do not require boreholes or slinkies -  this is 
an example of customers acting or taking a view based on the ‘relative advantage’ of one 
product over another (Faiers & Neame, 2006). This is also consistent with lower installation 
numbers for ground source heat pumps compared to air source heat pumps in the survey 
data.
One installer in the repeat survey commented that compared to microgeneration heat 
technologies, solar PV is quicker to install and requires less disruption and interference with
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householder lifestyles. This means that in addition to delays to the Renewable Heat 
Incentive, technologies such as heat pumps, biomass and solar thermal have longer lead 
times to uptake -  with potential customers taking longer to decide whether to have such 
technologies fitted in their homes. This may be compounded by continuing low public 
awareness of non-solar technologies such as heat pumps and biomass boilers (Element 
Energy, 2008a & b).
One biomass installer used a direct marketing strategy to target off-gas grid properties in his 
local area. Solar PV installation numbers suggest that favourable Feed-ln Tariffs for this 
technology may have enabled it to reach an ‘early majority’ market of customers (or at least 
reach an expanded niche market), but that an ‘adoption chasm’ (Moore, 1999) may remain 
to other microgeneration heat technologies. However, as noted in Chapter 2 (Section 2.2.2), 
Rogers (2003) disputes the existence of such a chasm, and describes the move from one 
adopter population to the next as a continuum. In that respect then, there is certainly greater 
distance to the early majority for microgeneration heat technologies than for solar PV. Sauter 
& Watson (2007) and Caird et al. (2008) highlighted that customers lack trust in 
inexperienced installers of early market technologies. In order for an early majority market to 
have been reached in the case of solar PV under peak Feed-ln Tariffs, it would have to have 
expanded beyond typical early adopters: retired, educated, ex-professional classes (Faiers & 
Neame, 2006; Roy et al., 2007; Roy et al., 2008; Caird & Roy, 2010). Invoking socio- 
technical transitions theory (Geels & Schott, 2007), solar PV certainly seems to be more 
developed as a niche technology than alternative microgeneration technologies: this is 
discussed further in Chapter 8.
Unsurprisingly, three quarters of the 114 repeat survey respondents considered that the 
Feed-in Tariff reductions had led to a ‘great decrease’ in the number of installations they had 
fitted in 2012 compared to the previous year, and this is supported by the survey data on 
falling number of solar PV installations. However, official data (see Figure 1 in Chapter 2) on 
the number of solar PV installations indicate that actually, the proposed 12 December 2011 
deadline and its subsequent extension had the effect of precipitating a rush to install over 
the six months from October 2011 to March 2012, and that the number of solar PV systems 
fitted per quarter from April 2012 to September 2012 was equivalent or greater than the 
number of solar PV installations fitted from July 2011 to September 2011.
The Feed-ln Tariffs were designed to create certainty for investors and raise confidence in a 
niche microgeneration market (Candelise et al., 2010), and whilst this was true for solar PV 
in the first year of the scheme, the way it has been managed by the government 
subsequently has had an adverse effect on investor certainty and consumer confidence, 
particularly in the period from September 2011 through to April 2012. Half of the 102 repeat 
survey respondents who commented on market change in 2012 compared to the previous 
one or two years described how their company had been impacted through decreased 
installations, business or turnover. Almost half of the 102 installers remarked on how they 
had been affected by Feed-ln Tariff reductions, with 20 respondents believing that structural
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changes to the Tariff had been managed badly by the government. There was a perception 
amongst some installers that potential customers mistrusted the government, had lost 
confidence in microgeneration and the government schemes supporting it. Still further repeat 
survey respondents described a situation of public confusion, market uncertainty and 
instability. Others referred to fierce competition between microgeneration installers chasing a 
lower level of demand, leading to increasingly squeezed profit margins per installation. 
Although a few installers suggested that lower up-front costs of microgeneration were 
opening up markets to younger customers and families, nine installers cited the impact of the 
recession more generally (Chapter 6).
A key finding supported by a number of interviewees and repeat survey respondents is that 
the sharp decrease in solar PV installations after March 2012 was not just a consequence of 
the halving of the Feed-ln Tariff, but also the result of adverse media coverage, which 
created impressions amongst consumers that investment in solar PV, supported by lower 
tariffs, was no longer sensible. However, this media coverage failed to emphasise that the 
Tariff decreases were of a similar magnitude to the reduction in the up-front retail price of 
solar PV since the Feed-ln Tariffs were introduced in April 2010 (Chapters 5 and 6). Free 
solar PV schemes are no longer viable under reduced tariffs (HomeSun 2012). Government 
consultancy research may indicate that the costs of installing solar PV in homes fell by 50% 
in the UK between 2009 and 2011 (Parsons Brinckerhoff, 2012; DECC, 2013a). This far 
exceeds expected learning rates of a 20% reduction in unit costs with a doubling of solar PV 
deployment referred to by Foxon (2010). A large proportion of this cost reduction could be in 
‘balance of system’ costs (Candelise et al., 2010).
Although approximately half of the repeat survey installers thought that delays to the 
Renewable Heat Incentive residential scheme had caused a great or moderate decrease in 
the systems they had been able to install, this is not supported by the data which suggests 
that installation numbers of microgeneration heat systems have remained stable, albeit at 
very low levels. The idea that the RHPP has been ineffective is supported by a third of 
repeat survey respondents who considered that it had caused no change in installation 
numbers, with only 17% thinking it had led to a moderate increase. The same question on 
market change suggests that the prospect of the Green Deal had even less impact on 
installation numbers. Despite reductions in the up-front retail prices of microgeneration, over 
a third of the repeat survey installers thought this had caused no change in installations from 
2011 to 2012, with a third suggesting that lower prices had facilitated a moderate increase. 
Installer marketing efforts were seen as only moderately effective at best (Chapter 6).
7.2.4 To what extent do different installer business models shape drivers and barriers 
to residential microqeneration uptake?
Given that most installer enterprises were very young with few employees, the number of 
microgeneration systems that they installed were often correspondingly minimal. For 
example, from April 2010 to March 2011, 85 main survey respondents fitted only 1-5 solar
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PV systems in homes, 60 installed 1-5 solar thermal systems and 55 fitted 1-5 air source 
heat pumps. As with business size and age, there were exceptions in the higher frequency 
categories, with 14 companies installing more than 100 solar PV systems in the same period 
(Chapter 5). This is very similar to the distributions found by Bergman & Jardine (2009) for 
the Low Carbon Buildings Programme from May 2006 to May 2008: numerous solar PV and 
solar thermal installers fitted just one system, while only several businesses installed an 
average of 100 systems each.
A combination of Chi-squared and Fischer exact tests applied to the main survey data show 
that older installer businesses and those with more employees and more than one business 
location were significantly correlated with a higher number of solar PV installations (And vice 
versa). The number of solar thermal installations was also positively and significantly 
correlated with business age. However, correlations between solar thermal installations and 
number of employees and business locations were not significant. The number of air source 
heat pump systems fitted by installers was not significantly correlated with business age, 
number of employees or locations. The proportion of employees working on microgeneration 
or the super-region in which installers were located, showed little or no evidence of 
correlation with the quantity of solar PV, solar thermal or air source heat pump installations 
(Chapter 5).
Both the main and repeat surveys found that microgeneration installer businesses had 
mainly limited marketing capacity, with word of mouth and company websites being the most 
common strategies. In the main survey, over two thirds of installers had never advertised on 
TV or radio (Chapters 5 and 6). Increased word of mouth marketing was significantly 
correlated (Chi-squared and Fischer exact tests) with a greater number of solar thermal 
installations from April 2010 to September 2011, and solar PV installations from April 2011 to 
September 2011. Fischer exact tests also found that higher frequencies of public events 
were significantly correlated with higher numbers of solar PV installations (Chapter 5).
The dominant installer business model was the conventional ‘plug and play’ model of 
microgeneration deployment (Sauter & Watson, 2007), whereby householders paid for and 
owned their own microgeneration system. 80% of the 317 main survey installers asked 
customers to pay a deposit up front for installations, with the remainder paid on completion -  
this was actually a requirement through the Real Assurance Scheme. Mortgage additions 
were offered by just 12 installers, and low interest loans by only 16. One interviewee whose 
business offered low interest loans with a finance company at the time of the main survey 
said that these loans were discontinued due to lack of demand (Chapter 5).
As noted in Chapter 2, the up front costs of microgeneration remain a significant barrier to its 
uptake (Element Energy 2008a & b; Faiers & Neame, 2006). Ten main survey respondents 
installed solar PV for free, based on their business owning the panels and earning the Feed- 
ln Tariffs for up to 25 years (Chapter 5). This is an Energy Service Company (ESCO)
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business model applied to residential microgeneration (Watson et al., 2006; Walker, 2008), 
and specifically referred to as ‘solar supply contracting’ by lEA-RETD (2013). An example of 
a free solar PV installation is documented in Chapter 3. The company advertising literature 
prior to installation stated that householders with free solar PV could save around or up to a 
third on their electricity bill. In the case of the researcher’s parents, the electricity saving was 
35% from September 2011 to September 2012, and the solar electricity generated was 98% 
of the PVGIS prediction. 16 main survey respondents also installed free solar PV, but 
financed by a third party owning the system and earning the tariffs. The latter type of 
arrangement also proved possible for one micro-wind installer.
Following the halving of the Feed-ln Tariff for domestic solar PV from 1®* April 2012, some 
new, alternative retail offers or business configurations were attempted by interviewees. 
Free solar PV was no longer seen as viable by a Solar Trade Association representative at 
Ecobuild in March 2012, and the case of Free Solar PV Company A ceasing their free solar 
activities immediately from April 2012 reflects this. However, an installation counter on Free 
Solar PV Company B’s website indicated that they were continuing to install free solar PV 
beyond this time, although it was not possible to obtain any data directly from them (Chapter 
3). One interviewee had set up a peer-to-peer investment scheme for solar PV, but this had 
received very limited uptake. Another interviewee was a member of a co-operative 
consortium called BASIC which pooled together the resources of nine installer companies as 
part of a Bristol ‘Streets of Solar’ vision. The intention was to fund this scheme through a 
community share offer with Feed-ln Tariff earnings re-invested back into the community 
(Chapter 5).
In 2005, Keirstead (2007) observed that microgeneration installer businesses affected by 
high up-front costs of microgeneration and low demand had to sub-contract or diversify their 
services more. Similar business responses were observed as a result of rapid market 
change following the halving of the Feed-ln Tariffs for residential solar PV from April 2012. 
Nine repeat survey respondents were either no longer installing microgeneration, were 
considering stopping or were not planning to renew their installer accreditation through the 
Microgeneration Certification Scheme. Some respondents had to make redundancies or out­
source work they had conducted in-house before, while others had to work less hours or 
seek supplementary income. Nine businesses which had been electrical or plumbing and 
heating contractors prior to installing microgeneration, returned to a business model based 
around their original line of business. Five installers moved from installing microgeneration in 
homes to commercial installations, where there was more business. Other repeat survey 
respondents were diversifying their business offerings.
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7.2.5 How does microqeneration installation activity vary geographically across 
different regions of the UK?
Most microgeneration installers surveyed had only one business location from April 2010 to 
September 2012, which is to be expected given that the majority of them were very small 
businesses. Descriptive data from all three surveys indicate that most installers tended to 
install microgeneration in homes mainly or exclusively within the region (or devolved country) 
of their principle (or only) business location (Chapters 5 and 6). This conclusion is supported 
by Chi-squared and Fischer exact tests, particularly for solar PV, in addition to air source 
heat pumps and solar thermal (Chapter 5).
Most installers (at least 30%) who responded to the main and repeat surveys were based in 
the South East or the South West of England, while the North East and London were the 
regions with the lowest numbers of installers (Table 46 in Chapter 6). This parallels the 
regional breakdown of mostly solar PV installations registered through the FITs (Ofgem, 
2013), where the greatest number of installations from April 2010 to December 2012 were 
also in the South West and the South East, and the least in London and the North East. This 
is consistent with the evidence that most installation activity was local to where installers 
were based, and may also reflect regional variation in the extent of demand for 
microgeneration to be fitted in homes. The geographical distribution of installers is also very 
similar to that of microgeneration installations under the Low Carbon Buildings Programme 
from April 2006 to December 2009 (Figures 6 - 8 in Chapter 2), when the greatest number of 
residential microgeneration installations (mainly solar thermal, solar PV, and to a lesser 
extent ground source heat pumps and micro-wind) per 10,000 households were fitted in the 
South West and South East, and the least number were installed in the North West, London 
and North East. This analysis in Chapter 2 suggested that the lower uptake in the northern 
regions may be linked to a relatively lower deployment of solar thermal and solar PV 
compared to ground source heat pumps and wind turbines, and in the North East, low gross 
disposable household income. London had the highest gross disposable household income 
of any region in 2008 (Figure 8). However, in London the microgeneration technologies 
installed were almost exclusively solar PV and solar thermal. Compared to other English 
regions, London has significant space constraints which limit the uptake of technologies 
such as heat pumps and biomass (Bergman & Jardine, 2009). In London there is also a 
relatively greater proportion of flats compared to houses and a lower proportion of off-gas 
properties (Element Energy, 2008b). The South East had the second highest gross 
disposable household income of all English regions in 2008, and the South West the fifth 
highest. But the South West also possesses a relatively high proportion of residents with no 
mains gas connection (Element Energy, 2008b).
The follow up interviews with installers identified a distinction between solar PV and 
microgeneration heat technologies, in that the latter have greater ongoing servicing and 
maintenance requirements. While some solar PV installers fitted this technology locally and 
others installed it nationally, microgeneration heat technologies were almost always installed
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in homes local to the installer business, or at least within a distance which minimized 
transport and fuel costs required for annual or six-monthly maintenance visits (Chapter 5).
Two large installers of free solar PV operated on quite contrasting geographic business 
models -  Free Solar PV Company A sub-contracted installation so that they could have a 
national reach, but they did not install solar PV north of Hull or Chester. A rival free solar PV 
installer had a much tighter geographic focus (e.g. within one hour’s drive), or restricted to 
one or two regions (Chapter 3).
7.3 Research Objective 2: What has been the impact of installer business activities on 
standards of microqeneration installation in homes?
Four aspects of installer business impacts on standards of microgeneration installation are 
addressed under Research Objective 2. Sub-section 7.3.1 considers whether installations 
are appropriate energy and carbon-saving solutions, which has crossovers with 7.4.3 below. 
Sub-section 7.3.2 then discusses the results with respect to the bounded rationality of 
consumers and opportunistic marketing. The discussion is expanded more generally in sub­
section 7.33 to consider the impact of different installer business models on the quality of 
installations, including the influence of preferred training providers and the extent and impact 
of sub-contracting. 7.3.3 moves beyond installer businesses to evaluate the effectiveness of 
the Microgeneration Certfication Scheme in monitoring and improving standards of 
microgeneration installation in homes.
7.3.1 To what extent do installer businesses ensure that systems they Install are 
appropriate solutions for a given property?
Poor design and installation may have an adverse impact on the performance of 
microgeneration (Candelise et al., 2010; Miara et al., 2011). The main survey found that 67 
out of 111 solar PV installers used only SAP 2005 / 2009 to predict the performance of solar 
PV systems. Just 44 of these 111 installers used an alternative, more sophisticated 
prediction tool, such as PVSOL, SMA Sunny Design or PVGIS. PVGIS predictions were 
compared with monitored performance data for solar PV installations across 12 houses at 
Brookwood Farm, Woking, and the researcher’s parents’ house in the Isle of Wight. This 
analysis indicates a close match, within a 10% margin of error, between predicted and actual 
output of PV systems, barring the development of significant faults such as inverter failure or 
delamination of PV tiles (Chapter 3).
Semi-structured interviews suggest that there was considerable variation in the way in which 
installer companies determined whether microgeneration systems were effective, 
appropriate and optimal carbon-saving solutions in any given home (Chapter 5). Those
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businesses which sought to maximize sales might have done so at the expense of fitting 
appropriate installations in certain properties. This is discussed in the next section.
7.3.2 To what degree do microgeneration installers exploit the ‘bounded rationality’ 
or incomplete knowledge of consumers through opportunistic marketing techniques?
Aggressive sales tactics have been previously associated with the solar hot water industry 
(Keirstead, 2007). Chapter 3 revealed some evidence of cold calling or hard sales 
techniques employed by representatives of installer companies. This included a reference to 
a north-facing solar PV panel on a neighbouring house (north-facing solar PV panels had 
been observed by at least two interviewees in Chapter 5). Some customers had experiences 
or perceptions of sales representatives who had little or no technical knowledge of 
microgeneration. The latter point is also echoed by an installer in Chapter 6, who attributed 
such characteristics to ‘high marketing double glazing type companies.’ The secondary 
analysis of householder interviews in Godalming and Woking (Chapter 3) demonstrates that 
potential solar PV customers were confused about which installer quotes to trust. A common 
strategy for homeowners was to obtain several quotes in the absence of knowing for certain 
what the price of a solar PV system should be.
Chapter 3 suggests that householders tend to prefer local or small companies over national 
companies. Those residents with more technical knowledge or environmental awareness 
were in a better position to challenge sales pitches and installer quotations. At Rivendell eco- 
house for example (another of the Surrey Green Homes visited), the homeowner was initially 
charged £19,000 for an eight kilowatt ground source heat pump. The quote was reduced 
when the homeowner challenged the installer by referring to the Energy Saving Trust 
guidance of £8,000 for a ground source heat pump of that size.
Without the monitoring study at Brookwood Farm, the PV tile performance drops occurring at 
five out of the twelve houses are much less likely to have been identified during the period of 
monitoring. Householders did not have access to PV meters located in external cupboards 
on an exterior wall of each house. They could not therefore have any idea about the 
performance of their PV systems, and even if they had been given access to the meters, 
they would have needed to know how to read them and how to make use of the data. Given 
the status of Thameswey Energy as an energy services company, the ten two- and three- 
bedroom homes were part-buy and only eligible to receive a fraction of Feed-ln Tariff 
payments in proportion to the part-buy element of their leaseholds. The two five-bedroom 
houses were wholly privately-owned and eligible to receive full tariff payments. However, the 
homeowner at plot 14 had not received any such payments at the time of the resident 
interviews. It is expected that tariff payments would not be so problematic for privately- 
owned homes outside of such an ESCO arrangement. But even with such payments, 
residents would need to know the capacity of their solar PV system and how much they 
should be earning from it in order to judge shortfalls in performance. It is doubtful whether
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many households with solar PV would have the capacity, time or inclination to be in a 
position to identify and challenge poor performance. The Surrey Green Homes visits 
highlight that for microgeneration heat technologies, the current state of commercial 
metering was in its infancy and it was therefore even more difficult for householders to 
monitor these systems and identify problems unless they caused discernable losses of 
thermal comfort.
Not only is there evidence of ‘bounded rationality’ (Sorrell, 2007) on the part of consumers, 
but also sales representatives themselves might often have poor or incomplete technical 
knowledge of microgeneration. There is therefore not only the potential for ‘opportunism’ as 
defined by Sorrell (2007), but also for inappropriate installations to be fitted because sales 
representatives might not have the technical ability to conduct a proper site survey. This 
crosses over into Sections 7.3.1 and 7.4.3 below.
Small businesses may typically have higher entrepreneurial and operational pressures than 
larger businesses and more direct influence of directors’ or managers’ ethics on employees. 
(Marta, et al., 2008). However, this seems to be less true of microgeneration installer 
businesses focused on providing a building service rather than entrepreneurial activities as 
such. Marta et al. (2008) also suggest that entrepreneurs may rely more on their image, 
trust, reputation and consumer engagement than their counterparts in larger businesses. 
The reliance of installer marketing on word-of-mouth indicates that this is really important to 
maximizing business and numbers of installations, especially for small, locally-based 
installers which comprised the majority of the business population in the main survey. 
Nevertheless, Chapter 3 highlighted examples of installers who employed hard sales 
techniques, which might have been a lower risk marketing strategy where businesses 
installed nationally and were less dependent on word-of-mouth referrals in a local area.
7.3.3 How do different installer business models affect the quality of microgeneration 
installation work?
According to the main survey, over three hundred installer businesses used a hundred 
different training providers between them, often including training from manufacturers 
(Chapter 5). A common perception amongst interviewees was that training providers often 
had less practical experience than installers themselves, and many manufacturer training 
courses were introductory or basic courses which a given manufacturer required installers to 
attend as a condition of purchasing products from them.
There is some evidence that sub-contracting was associated with higher quantities and 
geographic dispersion of installations during the period researched, given that Free Solar PV 
Company A required extensive use of sub-contracting to achieve national coverage (Chapter 
3). Also, sub-contracting may therefore tend to be associated mainly with solar PV, given
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that microgeneration heat was predominantly installed within the region of business location, 
or not in great quantities relative to solar PV. Sub-contracting may not necessarily be a 
cause of poor installation standards, and depends on how sub-contractors are managed and 
the extent to which they are known to those who manage them. However, sub-contractors 
may not necessarily be accredited through the Microgeneration Certification Scheme, even if 
they are supervised by businesses which are. Sub-contracting is sometimes a response to 
high uncertainty and volatility of an emerging, niche market heavily dependent on 
government support (Chapter 5).
Higher levels of sub-contracting were also observed during the rush to maximize installations 
prior to the halving of the Feed-ln Tariffs for residential solar PV from April 2012. This again 
may have been associated with an increased risk of sub-standard installations. 
Approximately a third of the 114 repeat survey respondents sub-contracted microgeneration 
installation. The repeat survey found that the number of sub-contractors per business 
declined from nine in the period from October 2011 to March 2012, to five in the six months 
from April 2012 to September 2012. By comparison, the number of directly-employed staff 
per business decreased from five to four. Most of the decreases in sub-contracting came in 
solar PV related services such as roofing, scaffolding and installation, whereas numbers of 
plumbing and heating contractors were relatively stable across both periods(Chapter 6).
Bad installation practices have been observed by Genus (2008) with respect to micro-wind. 
Chapter 5 presented several anecdotal examples attributed to bad installation of solar PV: 
the Derbyshire and Sittingbourne houses fires, or the example of a SAP prediction used to 
justify a solar PV array poorly sited in a shaded location. The researcher’s parents’ 
neighbours’ also had a PV module installed behind their chimney by sub-contractors working 
on behalf of Free Solar PV Company A (Chapter 3).
Some interviewees considered that installing solar PV inverters in the loft was ill-advised, 
even though this was thought to be standard practice. Excessive temperatures which can 
build up in a loft space during summer and other warm periods may potentially reduce the 
lifetime of inverters (Chapter 5). The household visited in West Clandon (Chapter 3) is an 
example of an alternative location whereby the solar PV inverter was placed in a cupboard 
attached to an external wall of the house. Some inverter types (e.g. certain Fronius models) 
possessed greater water-proofing for external locations than models produced by alternative 
manufacturers.
Some installers may have pursued a longer-term business strategy based on developing the 
quality of the microgeneration systems they fitted. One installer who commented in the 
repeat survey said that his company was trying to pursue more sustainable business growth 
in the longer-term by seeking to improve the quality of solar thermal applications (Chapter 6).
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7.3.4 How successful has the Microgeneration Certification Scheme been in policing 
the quality of installations?
It is unlikely that the Microgeneration Certification Scheme, as designed at the time of the 
research, could effectively monitor standards of microgeneration installations. At the time of 
the interviews (July 2012 to November 2012) installers could choose installations for the 
inspectors to visit. They did not have to provide inspectors with a full list of their installations. 
Interviewees concurred that inspections spent too much time on office procedures and 
bureaucracy and not enough time on actual visits of installations. The technical expertise of 
inspectors across different certification bodies was highly variable. From a financial 
perspective, it might not be in the interests of competing certification bodies to lose the fees 
of existing member companies by lobbying for a more effective or stringent system of 
inspection.
7.4 Research Objective 3: How do installer businesses contribute to the ongoing 
energy and carbon-saving performance of the microgeneration systems that they fit in 
homes?
Beyond ensuring installation standards. Research Objective 3 asks about the extent to which 
installer businesses can make an impact on the ongoing energy and carbon-saving impact of 
microgeneration. Microgeneration systems produced by different manufacturers and different 
product models have varying levels of performance, assuming that they are installed 
correctly in the first place and that performance is identical across the same product. This is 
considered in sub-section 7.4.1. The extent to which installers take responsibility for ongoing 
service and maintenance of microgeneration is addressed in 7.4.2. The final sub-section 
(7.4.3) takes a more general view on how the nature of installer business models may 
influence ongoing energy and carbon-savings of microgeneration fitted in homes by those 
businesses.
7.4.1 How do different installers choose manufacturers and products for the 
microgeneration systems they fit in homes, and how does this choice impact on the 
energy and carbon-saving performance of these microgenerators?
From April 2010 to September 2012, the manufacturers of microgenerators purchased by 
installers to fit in homes were characterized by a dominance of a small number of market 
leaders, and on the other hand a wide range of systems produced by numerous other 
manufacturers with low market shares. This suggests a combination of standardisation in
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some respect and a great diversity of products on the other hand (Chapters 5 and 6). This is 
similar to the manufacturer distributions found by Bergman & Jardine (2009).
According to the repeat survey, the highest priority considerations when selecting 
manufacturers for residential microgeneration systems were product performance and 
reliability, and manufacturer service and back up. Terms of manufacturer warranties and 
wholesale costs of products were considered as medium priorities by repeat survey 
respondents. Other factors for which data was not collected by the repeat survey, such as 
brand recognition and aesthetics, may have contributed to installer purchase decisions 
(Chapter 6).
Several interviewees and one repeat survey respondent referred to Photon International 
(Photon International, 2012) in making their decisions on which solar PV systems to 
purchase. They used Photon International to obtain data on the comparative performance of 
solar PV modules in the field. They considered that this was a much more reliable source of 
information than manufacturer specifications of how modules perform in laboratory 
conditions (Chapter 5). In fact, the solar PV prediction software PVSYST (used by six 
installers in the main survey) makes use of a Photon International database to input the 
performance characteristics of specific solar PV products (Chapter 3).
Some solar PV installers were critical of the quality of Chinese manufacturers, who had a 
reputation for not honouring the terms of their manufacturer warranties. The accelerated 
installation activity and rush to the proposed 12 December 2011 Feed-ln Tariffs reduction 
deadline meant that manufacturer and distributor stocks of modules and inverters would 
frequently run out. Several interviewees and repeat survey respondents gave accounts of 
having to install whichever products they could purchase at a given time so that they could 
fulfill their contracts with customers (Chapter 5 and 6). This is likely to have led to some 
installers choosing products which did not meet their usual standards.
In some cases, microgeneration products might not always have been chosen by an 
installer, if they were specified by a third party, such as a local authority or housing 
developer. One such case was highlighted by an interviewee who claimed that the council 
had selected a sub-standard air source heat pump product because it was cheap in the first 
place. However, only half of the installed systems operated correctly, and were expensive to 
run.
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7.4.2 To what extent do microgeneration installers take responsibility for the 
servicing and maintenance of systems that they fit and how does this affect ongoing 
performance?
There is a lack of literature addressing the issue of responsibility for servicing and 
maintenance of microgeneration of installer businesses. This is clearly very important to 
realising ongoing energy and carbon-savings.
At the time of the main survey, manufacturer warranties were considerably longer for solar 
PV (e.g. 6-10 or 21-25 years) than for other microgeneration heat technologies (heat pumps, 
solar thermal and biomass) which were 2-5 years typically. This contrast is super-significant 
statistically, using both Chi-squared and Fischer exact tests. Both tests also generated a 
statistically significant correlation between whether a maintenance warranty was provided or 
not and technology type (Chapter 5). One repeat survey respondent suggested that short­
term product warranties reflected a lack of manufacturer confidence in the longer-term 
performance of microgeneration systems (Chapter 6).
Many main survey respondents did not provide maintenance warranties, while many 
installers did not sub-contract maintenance according to the repeat survey. Nevertheless, 
some of the microgeneration heat installers interviewed claimed that they provided annual or 
six-monthly services although these were not necessarily formalized in contracts with the 
customer (Chapter 5).
Some interviewees claimed that solar PV required minimal maintenance (Chapter 5). This 
may be true in many cases, given the willingness of some installers to fit solar PV nationally 
due to low maintenance requirements. However, completely unexpected occurrences such 
as squirrels dissecting a cable may affect a solar PV system and lead to weeks of generation 
being lost: this persuaded a householder in Godalming to take up an extended guarantee 
from the installer at extra cost (Chapter 3). The Brookwood Farm monitoring study 
highlighted that problems can arise with faulty strings, systems tripping due to suspected 
electrical grid surges, and observed significant reductions in output in five of the twelve PV 
arrays, which could be due to PV tile delamination or inverter failure. It should be noted that 
this study monitored building-integrated PV tiles, which were not typical of the standard roof- 
mounted PV modules fitted on owner-occupied households. The output of two solar hot 
water systems with identical sizes, pitches and orientations on the five-bedroom houses 
varied by 40% for unknown reasons as they had not been inspected. The problem 
particularly in this case study has been the refusal of the installer to provide product 
warranties on request, or otherwise accept responsibility for the problems arising. This has 
been compounded by the fact that even though the solar PV manufacturer did eventually 
inspect some of the faulty PV tiles, no action was taken to rectify the issue during the period 
of the monitoring study. Furthermore, Thameswey Energy stated that they did not normally 
act on performance drops unless they exceeded a threshold of 20% (Chapter 3).
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7.4.3 Does the nature of installer business model influence the extent to which overall 
energy and carbon-savings are achieved?
Under the Low Carbon Buildings Programme, many installers fitted just one type of 
microgeneration, so their business interest was to sell as many of this technology type as 
possible (Bergman & Jardine, 2009). These sales have the potential to occur irrespective of 
whether installations are appropriate energy and carbon-saving solutions. Such businesses 
either did not have the capacity or interest in taking a whole household perspective. One 
repeat survey respondent complained about the burden created by the proposed 
requirement, introduced from April 2011 with reduced tariffs, that solar PV had to be fitted at 
least on Band D properties in order to earn Feed-ln Tariffs.
Free solar PV business models, or ‘solar supply contracting’ (IEA-RETD, 2013), should 
potentially work in such a way that the installer company or third party that owns the solar 
PV is incentivised to maximize generation (Bergman & Eyre, 2011), however it was not 
possible to obtain any data from Free Solar PV Company A on the performance of their
7,000 solar PV installations. The sale of their installations to an insurance company, with 
only 10 staff left to monitor and maintain 7,000 systems, and the planned closure of Free 
Solar PV Company A, raises questions as to ongoing responsibility for resolving technical 
problems and the extent to which performance issues are rectified in a timely manner.
The semi-structured interviews suggest that there was considerable variation in the way in 
which installer companies determined whether microgeneration systems were effective, 
appropriate and optimal carbon-saving solutions in any given home (Chapter 5). This is 
equally relevant to Section 7.3.1 on appropriate installations above. According to one heat 
pump installer who was interviewed, the Heat Emitter Guide for Domestic Heat Pumps 
setting out best practice for installation was far too generous on allowable flow temperatures 
which would permit heat pumps to be fitted in homes that did not actually save carbon or 
energy (Chapter 5).
This thesis does not address the carbon life cycle of microgenerators, and no data on this 
was requested specifically from survey respondents or interviewees. However, one installer 
did comment in the repeat survey that when choosing which solar PV modules to purchase, 
they considered embedded carbon from solar PV manufacture and the carbon-payback time.
Chapter 3 demonstrates with case studies from Surrey Green Homes and resident 
interviews at Brookwood Farm, that the extent to which microgeneration technologies can 
achieve long-term energy and carbon savings is not just dependent on the quality of 
installation or maintenance. It is also intrinsically-related to the occupancy pattern and 
lifestyle of the householders, the extent to which they engage with the technology, whether
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they actively attempt to reduce electricity consumption through interaction with smart meters 
and the quantity of high-consuming electricity appliances in their home. In the terminology of 
Roy et al. (2007), energy and carbon savings of microgeneration depend on the extent to 
which users are ‘engaged’ or ‘non-engaged’. Bahaj & James (2007) found that in social 
housing, the highest electricity use can be three times greater than the lowest electricity use.
Some homeowners in the Surrey Green Homes visited did take advantage of Guildford 
Borough Council organising thermal imaging on their properties to identify where insulation 
was most required in their homes. However, this is not a service that a mass market of 
householders could expect to benefit from. Nevertheless, with microgeneration heat 
systems, it should be a requirement of the Microgeneration Certification Scheme to ensure 
that properties have adequate insulation before installation.
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8. Discussion and Conclusions
8.1 Introduction and limits to research
Around a quarter of UK greenhouse gas emissions result from space and water heating and 
electricity use in residential buildings. Residential microgeneration can achieve energy 
savings because it supplies heat and/or electricity close to the point of use in households, 
avoiding waste heat losses from centralised power generation and further losses during 
transmission and distribution to homes. Five types of microgeneration were focused on in 
this thesis: air source heat pumps, biomass, ground source heat pumps, solar thermal and 
solar PV.
The research presented in this thesis is in the first instance an exploratory analysis of the 
installation market across a range of microgeneration technologies, following the introduction 
of the Feed-ln Tariffs in April 2010. The author is not aware of any research in academic 
literature which has performed a similar analysis of the microgeneration installation market. 
This allows little potential for comparison with similar research, which raises the novelty of 
the findings, but implies a need for caution, as further triangulation of the findings would be 
useful.
This research compares the impact of alternative installer business models on the rate at 
which microgeneration is taken up in homes and installation standards across the UK. This 
was achieved primarily through a large-scale academic survey of businesses certified to 
install residential microgeneration. Drawing on Morris et al. (2005), the aim was to capture 
those characteristics which define and distinguish the business models of the surveyed 
companies, and relate those to the way in which those business models create value and 
establish their business competence, e.g. through the number, location and type of 
technologies that they install, and the quality of these installations.
The methodology comprised a pilot web survey of 235 certified installer businesses, which 
was carried out in June 2011 and achieved a response rate of 30%. Following optimisation 
of the design, the main web survey was emailed to over 2,000 businesses between October 
and December 2011, with 317 valid responses received. The survey was complemented 
during summer and autumn 2012 by semi-structured interviews with a small sample of 
installers who completed the main survey.
The response rate of 16% to the main survey means there is a considerable, potential non­
response bias. Furthermore, the main survey sample was approximately 10% of all MCS 
installers from which the sampling frame was drawn on 1®‘ August 2011, although by the 
time the main survey was closed in December 2011, another 1,500 installers had become 
registered to the MCS (MCS, 2013). There was therefore a ‘non-contact’ bias as well as a 
‘non-response’ bias. Emails received from main survey recipients giving reasons for non­
response indicate that being too busy, or not seeing the survey as relevant or helpful to their
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business, may help to explain some of the non-response. Nevertheless, the responding 
sample is self-selecting, and those installers who may have not wished to engage with the 
research could be precisely those companies who compromised on installation standards for 
example. This self selection bias is much more acute for the 19 interviewees who completed 
the main survey and responded ‘Yes’ to the invite to interview question. None of those who 
selected ‘Undecided’ agreed to be interviewed, while those who said ‘No’ were not 
contacted. Some 366 main and pilot survey respondents (not including interviewees) were e- 
mailed for the repeat survey, and although the response rate was 31%, this limited the 
extent to which the analysis could accurately look at change between the two surveys. A 
higher response rate had been desired, given that these were all of the installers who 
responded to the previous two surveys.
The semi-structured interviews helped to inform the content of the repeat survey, optimizing 
the questions to focus on market change in particular. Most interviewees had completed the 
main survey and were able to clarify, expand on or correct the answers they had supplied in 
the survey. The main survey was informed by the pilot survey and limited informal contacts 
with installers and householders, but did not benefit from similar use of semi-structured 
interviews as ‘cognitive’ interviews (Dillman, 2007).
Generally, the main survey data cannot be used to establish cause and effect. An attempt 
was made to use the repeat survey, informed by interviews, to do so, by including some 
questions on the causes of market change. However, the interviews offer in-depth insights 
into the operation of only a small number of businesses, with a very large potential self­
selection bias. Interviews also varied in duration from 15 minutes to almost three hours, with 
the danger that more space could be awarded to those interviewees who spoke more 
extensively. To counteract this, the analysis has focused on the findings of the main and 
repeat survey, while drawing on points made by the interviewees which help to explain or 
contest survey results.
The timing of the different surveys and the interviews is a factor which may create risks for 
reliable comparison between them, since they were implemented against a backdrop of a 
dynamically changing microgeneration market. Figure 1 was discussed in Chapter 2 to 
illustrate the association between Feed-ln Tariffs, and the rate at which solar PV has been 
retrofitted to homes. The pilot survey was sent to installers at a time of market optimism, 
before installers were aware of the government’s plans to halve the Feed-ln Tariffs for 
residential solar PV. By the time of the main survey, respondents were acutely aware of the 
government’s announcement that the FITs would be reduced on 12 December 2011 (and a 
small portion of main survey respondents completed the survey immediately after this time, 
as the tariff continued above 40 pence per kilowatt hour for residential solar PV). The high 
tariff rate had been reduced to 16 and 15 pence per kilowatt hour during the time of 
interviews and repeat survey respectively, while retrofit PV installations had decreased to 
around 40,000 per quarter and 25,000 per quarter respectively. Given this rapidly declining 
trajectory, this may help to explain while so many installers overstated the influence of the
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Feed-ln Tariff cuts on rates of uptake at the time of the repeat survey, when Figure 1 in fact 
shows that the retrofit PV market has stabilized at around 20,000 installations per quarter 
through to autumn 2013.
8.2 Evaluating findings across all research objectives
8.2.1 Overview
The results have identified some of the business models underpinning microgeneration 
installers and some of the ways in which installer business activities impact on the rate and 
standards of microgeneration uptake, as well as ongoing energy and carbon savings. Due to 
the emerging nature of the market, there is a lack of other academic research focusing 
specifically on UK microgeneration installer businesses. Microgeneration research has also 
tended to concentrate on the homeowner and customer perspective, rather than installers, 
manufacturers or suppliers (e.g. Faiers & Neame, 2006; Roy et al., 2007; Roy et al., 2008; 
Caird & Roy, 2011). Nevertheless, this thesis has demonstrated the importance of research 
into microgeneration installers, as it has become clear that their business models and 
practices can have a strong influence on the actual uptake and performance of installed 
systems. The results presented in this paper go some way towards building a picture of the 
volatile and vulnerable nature of the business landscape of microgeneration installers.
8.2.2 Extent to which installer businesses have influenced rates of residential 
microqeneration uptake
Following a template for characterizing business models adapted from Morris et al. (2005) 
and set out in Table 50, installer business models could be characterized according to the 
different ways in which they created value (e.g. technology types installed), who they created 
value for (e.g. national versus local markets, marketing strategies), and their source of 
business competence (e.g. preferred training courses and manufacturers). The data was 
less capable of capturing the other three business model attributes devised by Morris et al. 
(2005): competitive positioning, means of profit creation and the business investment model. 
Installer business models can be viewed with respect to both their internal influences, such 
as the employment background of founders / directors and employees, and their external 
influences e.g. subsidies, grants and the Microgeneration Certification Scheme. This 
supports the contention by Zott & Am it (2010) that business models transcend the 
boundaries of the firm. Overall the results show the fundamental dependence of installer 
business models on government subsidies and the Microgeneration Certification Scheme. 
But they also continue to be affected by persisting barriers to the uptake of microgeneration 
heat technologies especially. Subsidies affect business models as they change over time.
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across different geographic subsidy regimes (e.g. Northern Ireland versus the rest of the 
UK), which in turn has implications for installation standards. There were exceptions, where 
some businesses were less reliant on subsidies. Industry confidence has been hit by the 
sharp reduction in Feed-ln Tariffs for solar PV and ongoing delays to the Renewable Heat 
Incentive for residential installations.
Favourable Feed-ln Tariffs created the possibility for innovative business models such as 
free solar PV, capable of addressing the key barrier to uptake of up-front cost and making 
solar PV accessible to households which might not otherwise be able to afford it. Installation 
data from Free Solar PV Company A demonstrates that ‘solar supply contracting’ business 
models (IEA-RETD, 2013) had the potential to mobilise relatively high rates of uptake of 
residential solar PV while Feed-ln Tariffs for this technology category where at their peak. 
Free Solar PV company A made extensive use of sub-contracting to install across the 
country (but not north of Hull or Chester). It was not possible to find out how Free Solar PV 
Company B’s in-house business model and more limited geographic reach compared in its 
ability to deploy solar PV at a similar rate.
From April 2010 to September 2012, the most commonplace installer business model might 
be described as a combination of ‘plug and play’ (Sauter & Watson, 2007) and a Feed-ln 
Tariff renumeration business model (IEA-RETD, 2013): customers paid for and owned 
microgeneration systems themselves, while benefiting from Feed-ln Tariff payments. Many 
installers only fitted 1-5 residential microgeneration systems in the year from April 2010 to 
March 2011, although a few installed more than 100 systems in this period. Conversely, 
MCS statistics (MCS, 2013) suggest that installers in 2011 fitted around 50 systems each on 
average (see Chapter 2). This suggests that a minority of businesses installed a 
disproportionately large number of systems compared to the majority of installers.
Older, larger and businesses with a greater geographic presence were more likely to fit 
higher numbers of microgeneration installations. The number of solar PV installations 
increased with business size, age and number of company locations, and these were 
statistically significant associations. Word of mouth was the dominant marketing strategy and 
was shown to be statistically associated with a greater number of solar hot water 
Installations.
Whilst solar PV installers varied in their capability or willingness to install this technology 
nationally or locally, regular servicing and maintenance requirements for microgeneration 
heat systems appear to constrain installers’ capacity to fit them beyond local or regional 
business catchment areas. It is suggested that low uptake of microgeneration heat 
technologies is also a consequence of persisting non-financial barriers, in addition to 
ongoing delays to the residential phase of the Renewable Heat Incentive. These 
technologies continue to have low public awareness and longer lead-times to adoption. The 
number of solar thermal installations have increased at only modest rates. This research 
does not offer insight into the reasons why this has happened, but possibly the reasons
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relate to being out-competed by solar PV under the Feed-ln Tariffs, and the limited cost- 
savings, energy and carbon-saving potential of solar hot water (Energy Saving Trust, 2007).
Solar PV installation numbers suggest that favourable Feed-ln Tariffs for this technology 
enabled it to reach an ‘early majority’ market of customers, but that an ‘adoption chasm’ 
(Moore, 1999) may remain to other microgeneration heat technologies. As noted before, 
Rogers (2003) disputes the existence of such a chasm, and describes the move from one 
adopter population to the next as a continuum. There is certainly a greater distance to the 
early majority for microgeneration heat technologies than than there is for solar PV.
Solar PV may have reached an early majority, or in socio-technical transition terms (Geels, 
2002; Geels & Schott, 2007) broken out of its niche when Feed-ln Tariffs were at their peak, 
but may since have returned to the domain of early adopters or to its market niche. Delays to 
the Renewable Heat Incentive and other non-financial barriers have restricted 
microgeneration heat technologies to a niche market of early adopters.
After the FITs were introduced in April 2010, solar PV superseded solar thermal as the most 
common microgeneration technology installed. Air source heat pumps were the next most 
frequent form of microgeneration fitted in homes. Most residential microgeneration was 
installed in private, rather than public-sector-owned homes. Half of the installers surveyed 
fitted microgeneration in business, commercial or industrial buildings. The survey data 
suggests that numbers of solar thermal and air source heat pumps remained relatively 
unaffected from October 2011 to September 2012, albeit at very slow rates of installations 
per six months.
50 of the repeat survey installers thought that they had not been able to fit as many systems 
in homes, or that they had experienced decreased business or turnover, with an equal 
number of respondents citing the impact of Feed-ln Tariff reductions. However, Figure 1 in 
Chapter 2 indicates that the number of solar PV systems retrofitted to homes has actually 
stabilized at around 20,000 installations per quarter in 2013. This thesis has not generated 
empirical data for 2013, so it is only possible to speculate that this stabilization may be due 
to lower retail prices of solar PV, which, as some installers indicated in the repeat survey, 
may be opening up to new markets of younger customers. However, lack of public 
awareness of rates of return, linked to up front costs and payback times due to the Feed-ln 
Tariff, may be constraining rates of uptake.
Many installers pointed to bad management of the Feed-ln Tariffs by government, mistrust of 
the government by customers, and ensuing loss of market confidence in microgeneration. 
According to theories of socio-technical transitions to low carbon societies (Foxon et al., 
2008; Nye, et al., 2010), this is precisely the opposite effect that niche markets, as key 
drivers of change, are supposed to have. It should be acknowledged that backcasting 
approaches to the achievement of future scenarios are agnostic about the principle of 
fundamental socio-technical shifts beginning within niche markets (Vergragt & Quist, 2011). 
And as noted in Chapter 2, the importance of niche markets as a driver for socio-technical
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transitions has been over-emphasised in traditionai transitions literature (Geels, 2002; Geeis 
& Schott, 2007). Geeis & Schott (2007) point to the influence of landscape pressure, where 
this is perceived and acted upon by regime actors, in determining the progress of transitions. 
They cite climate change as an example of a disruptive landscape change, which may cause 
transitions in energy and transport regimes to take place.
However, the progress of solar PV as a microgeneration niche has been disrupted by the 
political regime, i.e. the government’s management of the Feed-ln Tariff, in such a way that it 
created a rush of installations to the initial 12 December 2011 deadline, and then to 31st 
March 2012. During this period, there was a greater risk that standards of installations may 
have been compromised. The level of the Feed-ln Tariff for residential solar PV may have 
been kept too high for too long, as it was not reduced in a timely way to reflect falling costs 
of modules and of installation. While free solar PV would appear not to be viable under 
reduced Feed-ln Tariffs, there is evidence that other innovative business models, such as 
the Bristol installer co-operative BASIC, are being developed. Furthermore, rates of 
residential solar PV installation have not crashed but rather stabilized, above the level 
achieved 9 months before the Feed-ln Tariffs were halved. Nevertheless, in 2012, some 
installers had to make staff redundant, work less hours, or supplement their income from 
other sources. Other installers had withdrawn their Microgeneration Certification Scheme 
accreditation, or were considering doing so. Some installers had been able to return more to 
core building services work, or diversify their business in other ways.
The repeat survey also indicates that the Renewable Heat Premium Payments and the 
prospect of the Green Deal had little impact on microgeneration installers. Lower retail prices 
for microgeneration, particularly solar PV, and the relatively modest marketing activities of 
installers, were less effective in encouraging customers to adopt microgeneration in 2012. A 
number of installers suggested that their business may have been affected by adverse or 
misinformed coverage about the halving of the Feed-ln Tariff for residential solar PV, and 
whether it was still worthwhile investing in solar PV.
Of the different socio-technicai pathways proposed by Geels & Schott (2007) and presented 
in Table 8 in Chapter 2, the two most reievant to the data outiined in Chapters 5 and 6 are 
de-alignment and re-alignment, and technological substitution. However, there are problems 
with using either of these as a narrative that can be readiiy applied to the findings of the 
surveys and interviews, in the case of de-aiignment and re-alignment, landscape pressure 
from climate change (although there are other pressures which may incentivize a shift to 
renewable energy, such as ensuring security of energy supply) is not being acted upon by 
the government (or political regime actors) as if it were a threat of such urgency or 
magnitude that the incumbent energy regime has become destabilised. Technological 
substitution couid therefore be applied to microgeneration because in this pathway the 
regime is entrenched, however, none of niche technoiogies studied in this thesis are 
sufficiently developed to have broken through to a mass market. It is possible that, in 
diffusions of innovations theory terms (Rogers, 2003), residential solar PV reached an early
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majority population particulariy in iate 2011 / early 2012, but an alternative explanation might 
be that the wider potential of the niche market or early adopter market was realised. It would 
certainly be true that free solar PV helped to reach a new market, i.e. householders who 
might otherwise not been able to afford to pay for this technology up-front. Since early 2012, 
a contraction in the solar PV market has been experienced, as evidenced by the examples 
of installers who withdrew their Microgeneration Certification Scheme accreditation, 
retreated to core business such as electrical contracting, or reduced soiar PV-associated 
sub-contracting activity. De-alignment and re-alignment is more relevant with respect to the 
idea of muitiple, undeveloped niche technologies co-existing, aithough the notion of 
competition is somewhat problematic since there is a distinction between microgeneration 
technologies which produce electricity or heat and these do not directly compete against 
each other.
It is therefore concluded that multiple niches co-exist in the residential microgeneration 
market, and that while the solar PV niche has expanded and contracted in response to 
changes in the Feed-ln Tariff, financial and non-financial barriers to microgeneration heat 
technologies persist and restrict them to early niche markets. The political regime actors who 
determine the energy mix in the UK remain entrenched in supporting the continuing 
prevalence of incumbent fossil-fuel based, centralized energy generation. If these regime 
actors were to perceive or respond to climate change as a disruptive landscape pressure, 
there would be an increased prospect of one or more of these microgeneration niches 
causing re-alignment of the dominant energy regime.
8.2.3 Impact of installer business activities on standards and overall energy and 
carbon-savings of microgeneration installation in homes
The Brookwood Farm monitoring study and Surrey Green Homes visits demonstrate that 
instaliers are just one of many influences on overall energy and carbon-savings of 
microgeneration. Clearly the quality of installation, choice of product, and quality and 
reguiarity of maintenance, as required, matter greatly. But other factors also influence these 
overall savings -  not ieast the occupancy pattern and lifestyle of householders themselves, 
and the extent to which they engage with microgeneration and seek to minimize their energy 
use -  or quite the opposite, as the case may be.
Installer business models driven by maximization of sales increase the risk of inappropriate 
instaliations with sub-optimal energy and carbon savings. The case studies revealed some 
evidence of hard sales and cold calling by installer businesses, consistent with previous 
reputations of the solar thermal sector. Some sales representatives from installer businesses 
were perceived as lacking in technical knowledge about microgeneration. The Brookwood 
Farm monitoring study is an example of householders lacking the technical knowledge, 
education about technologies, adequate information provision, or access to understandable
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metering; while comparing actual performance of PV generation against predictions is an 
uncertain task, even for so-cailed ‘experts’.
Variations in installer business models with respect to tools used for specifying 
microgeneration systems reflect a niche market which is stili some distance from being 
‘developed’ in the terminology of Geels & Schott (2007), although any judgement as to what 
constitutes a developed niche market is necessarily subjective. Over half of the 111 main 
survey respondents only used SAP 2005 or SAP 2009 to predict solar PV performance. The 
remainder used more sophisticated software for this purpose. PVGIS is an online tool used 
by some installers who responded to the main survey. It is less sophisticated than 
commerciai software such as PVSOL or PVSYST but analysis in Chapter 3 and other 
studies suggests that it is reliable within a margin of error of 10%. For air source heat 
pumps, the software and methods used to specify systems for households can vary 
substantially between installers.
Relative development of microgeneration niche markets for different technology types can 
be expressed by a disparity in the length of product warranties that apply to them. The main 
survey suggests that manufacturer warranties for solar PV were longer than for 
microgeneration heat technologies, which usuaily just covered products for 2-5 years. This 
couid reflect lack of manufacturer confidence in early market technologies. This may have 
implications for ongoing energy and carbon-savings, if maintenance of earlier niche market 
technologies is discontinued after several years. The Brookwood Farm case study 
highlighted how an installer can refuse to take responsibility for performance losses in solar 
PV and solar hot water systems, over a three-year period. The Energy Service Company, 
Thameswey Energy, does monitor energy generation across all their renewable installations 
in Woking, but have stated that they only take action if performance drops by more than a 
threshoid of 20%. The problems that have occurred with the Brookwood Farm PV tiles may 
be less applicable to standard roof-mounted PV systems typical of private residential 
installations, which are a more market-mature PV technology.
Installation standards and energy and carbon-savings of microgeneration vary according to 
the wide range of manufacturers and training providers used by different microgeneration 
instailers. This is again indicative of a niche market where ‘learning by interacting’ and 
‘learning by doing’ (Foxon et al., 2008) is still at an early stage of evolution. The main survey 
found that approximately 300 installers used 100 different training providers between them, 
including manufacturers whose training was criticized by some interviewees as being too 
basic and run by trainers with less knowledge or installation experience than installers 
themselves. Solar PV training was not usuaily offered by manufacturers compared to 
microgeneration heat technologies, which may reflect the letter’s lack of market maturity, but 
also the greater complexity of these systems.
Installation standards were compromised by the management of the residentiai solar PV 
market by the government (a regime actor in transitions theory terms), which presided over 
the contentious proposal to halve the Feed-ln Tariff for this technology by 12 December
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2011. Some installers gave accounts of not being able to buy their preferred products and 
manufacturers as demand outstripped supply of PV modules and inverters in the rush to the 
government’s proposed 12 December 2011 deadiine. This may have repercussions for 
ongoing energy and carbon-savings from microgeneration systems instalied from October 
2011 to March 2012.
Converseiy, if sub-contracting does introduce a greater risk of sub-standard instailations, 
then the impact of the Feed-ln Tariff reductions has been to reduce the extent of out­
sourcing, and potentially to increase the standard of installations, even if the rate of uptake 
of solar PV has decreased. This may improve the prospects that the solar PV market can 
emerge from its niche in the longer term. Sub-contracting of installation, roofing and 
scaffolding was used extensively in the rush to maximize instaliations in the run up to the 
halving of the Feed-ln Tariffs from April 2012, and it is very likely that significant decreases 
in this sub-contracting activity demonstrate that it was associated with solar PV installations.
One iess anticipated finding of this research highlighted issues with the quality of 
Microgeneration Certification Scheme inspections, as reveaied by interviewees. Installations 
for inspection were self-selected by installers, and usually local to their business to save 
inspectors time. Inspectors’ technical knowledge of microgeneration varied, depending on 
the certification body. The inspections piaced too much emphasis on bureaucracy, and not 
enough time on actual inspection visits. Inspections were not always linked to customer 
feedback on installations.
In theory, free solar PV should incentivise installers or third party-owners of the systems to 
maximize generation and therefore maximize their Feed-in Tariff earnings. However, this 
thesis has not been able to obtain any data on the degree to which free solar PV has 
achieved this, whether intentional or not on the part of the companies involved. In the case 
of Free Solar PV Company A, the purchase of all of their 7,000 solar PV installations by an 
insurance company, means that responsibility for monitoring and maintenance was due to 
be passed on to a new company, and possibly a sub-contractor. There are serious questions 
about what the quaiity of monitoring and maintenance of these systems will be like in the 
future.
8.3 Proposed areas for further research
in terms of further research, there would be merit in repeating a combined survey and 
interview approach a year after the Renewable Heat Incentive for home instailations comes 
into effect, perhaps in spring 2014. Figure 1 in Chapter 2 indicates that despite the 
decreased Feed-ln Tariff for residential solar PV, the installation rate has actually stabilized 
in 2013, which is subsequent to the data coliection period for this thesis. It would be 
instructive to confirm whether this technology is being sold to new markets, i.e. new
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demographics of householders, perhaps younger customers who can afford lower up-front 
costs for solar PV. Additional statistical tests on main and repeat survey datasets could 
provide further insight into change in the microgeneration installation market. There would be 
merit in a more detailed investigation of the impact of free solar PV business models on 
rates and standards of microgeneration uptake in homes. The research could benefit from a 
more extensive review of business model literature, applied to the empirical findings, to 
understand more comprehensively the business models of microgeneration installers.
Beyond installers, there is potential for research into learning through interacting between 
installers, manufacturers and distributors, and learning through using between instaliers, 
manufacturers and users. This research could also be widened to include other actors in the 
microgeneration industry, particuiarly certification bodies and trade associations. Certification 
bodies might be abie to provide information on how many installers pass or fail inspection 
visits and the reasons why. Trade associations could provide a technology or industry-wide 
perspective. As the case study methodology in this thesis is only partial and informal, it could 
be further developed with a formal research methodology into the experiences of 
homeowners, local authorities and housing associations of microgeneration, any problems 
they encountered with the installation and performance of microgeneration technologies, and 
their satisfaction with instaiiers and manufacturers in rectifying such problems.
8.4 Policv implications
Residential microgeneration in the UK is in a critical moment. Microgeneration businesses 
must re-evaluate their strategies following recent cuts to Feed-ln Tariffs for residential solar 
PV and ongoing delays to the Renewable Heat Incentive for home schemes. Providing the 
industry with a clear timetable for introducing the Renewable Heat Incentive residential 
scheme is crucial to capitalise on this momentum. Incentives shouid provide appropriate 
support to given microgeneration technologies, accounting for their reiative market maturity, 
as to date the Feed-ln Tariffs have created a state of solar PV ‘lock-in’ (Foxon et al., 2008) 
within the microgeneration niche market. More than ever, the microgeneration industry 
needs to deploy cost-effective decentraiised energy, while creating and safeguarding jobs, 
and inspiring consumer confidence. There are implications for government policy which must 
provide fiscai support in a way that maximises the number of instailations of adequate 
standard, so that technologies are fitted in a way which aiso maximises carbon savings 
whilst allowing installer businesses to make sustainable profit over the iong run.
in order to support the effective deployment of microgeneration, government decisions on 
subsidies should be clearly timetabled and structured, in a way that minimises market 
uncertainty. At the same time, the Microgeneration Certification Scheme (MGS) needs to 
ensure that its accreditation bodies streamline paperwork where unnecessary burdens can 
be reduced, but it should also implement a truly random system of inspection, using the
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MCS database of installations (available on the MCS website oniy to installers). The 
requirements of different MCS bodies also vary and may impact on installation standards. 
Regular monitoring, maintenance and servicing of microgeneration technologies should be a 
requirement of ongoing MCS accreditation, and this needs to be enforced through the 
inspection regime.
Some of the recommendations of the Energy Saving Trust’s ‘Generating the Future: An 
analysis of poiicy interventions to achieve widespread microgeneration penetration’ remain 
relevant now (Energy Saving Trust, 2007). That report recommended mandatory instaliation 
of microgeneration at the time of boiier or roof replacements, once microgeneration becomes 
more affordable for householders. To address up front costs, it also proposed the provision 
of low interest loans for all microgeneration technologies, with terms often years. Such loans 
were instrumental in the initiai uptake of solar PV in Germany. The report also suggested 
that there should be a marketing campaign to raise awareness of the benefits of 
microgeneration to householders, and the Energy Saving Trust have attempted to do this by 
establishing advice centres. Nevertheless, this thesis has demonstrated the weak marketing 
capacity of instailer businesses, and iack of trust of consumers in installers and government- 
backed microgeneration schemes.
Current government policy has created the perception that investment in new gas power 
stations is favoured over support for renewable alternatives, as the government has opposed 
more stringent targets for renewable energy beyond 2020 (Guardian, 2013). Such a policy 
environment is detrimental to market confidence and certainty, which has aiready been 
damaged through the management of the Feed-ln Tariff and delays to the residential phase 
of the Renewable Heat Incentive. Microgeneration should not be viewed as a policy 
objective in isolation but as part of a whole household approach to energy and carbon 
saving (DECC, 2009). As Bergman & Eyre (2011) pointed out, installers need to be 
incentivised to encourage customers to maximize energy and carbon savings from 
microgeneration.
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Appendix A
Interview notes pertaining to installer and installation experience from interviews with 
12 households in Godalming and Woking
(Knowlton, 2012)
House 1
• Householder works for the parent company of Free Solar PV Company A;
• Installation took place from August to November 2011 -  delay due to works bursting water 
main and backlog of orders (rush to FITs cutoff deadline);
• Thinks their neighbour has been taken for a ride as their panel is north-facing;
• Getting 92% efficiency and not satisfied, going to contact the installer (the panel has 
been fitted at a shallow angle)
House 2
• Regrets not shopping around for a cheaper option, pretty much went with first supplier. 
House 3
• Obtained three quotes from national, small and local installers.
• Thought that the national company representative was too ‘salesman like’
• Went with smaii company but used iocal company quote (cheapest) to challenge the price 
offered initially by the small company.
House 4
• Went with first instalier they saw (who were advertising at a stand in Homebase)
• Signed up as a referral property for their postcode
• Around six months after installation, a squirrel nested under the panels and cleared 
through a cable which was part of the PV system, as a result 6 weeks generation was lost as 
a number of inspections from the installer were required to establish the problem and make 
necessary repairs.
• Consequently, the householders decided to take out another year’s extended guarantee 
(cost £140) from the instalier.
House 5
• Householder obtained balipark cost estimates of solar PV systems at Grand Designs live;
• Obtained two detailed quotes, and went with a company associated with Good Energy 
which they regarded as an ethical choice.
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House 6
First quote was from a ‘cowboy’ company who dropped the price of the solar PV system by 
£2000 when they refused to sign the contract.
They then got instalier contacts from their daughter who works for Friends of the Earth, and 
went with an instailer who sent a more knowledgeable representative to their house, as 
someone from another company could not answer any technical questions.
House 7
• Househoider obtained two quotes, and went with the one that was cheaper with more 
aesthetically pleasing paneis.
• They wanted a local installer. They went with the installer who quoted 1 day’s labour rather 
than 5 [strange as installations should be completed within a day, or 4-5 hours] -  the installer 
who quoted 5 days’ labour said that it was normai for instalier companies to quote this.
• The householder gave the installer they went with permission to store solar PV panels in 
their house. These panels were destined for other houses, but the installer needed 
somewhere to keep them temporarily given the rush of orders for the panels re FITS cut
• Annoyed that they agreed to pay extra (unspecified price) for a remote monitoring device 
with a charting function, which is temperamental and has bugs.
House 8
• Householder said that the sales people were not that clever, and said what they were told 
to say.
• The panels were installed quickly but a problem developed with the electrics, and a part 
had to be replaced.
House 9
• Went with the first company who contacted them, as a saiesperson rang saying they had 
got the wrong number, but then said they were trying to contact someone else about 
whether they wanted solar panels.
• They didn’t trust the salesperson’s calculations (output too high) as they didn’t think they 
couid be bothered to do them properly. The householder did their own caicuiations (output 
much lower) and checked them with the installation company (through another 
representative -  who confirmed the salesperson’s claim), before agreeing to go ahead with 
the installation anyway.
House 10
• The first company they had a quote from tried to ‘fleece’ them.
• They then did their homework on panel costs through work (a householder works for a 
building company).
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Appendix B
Hullah House, Farncombe, visited March 2011
Passive solar conservatory
• Installed a passive solar conservatory (late 2009?) with thermally resistant double glazed 
windows, underfloor heating, and solar thermal on the south west-facing roof feeding into the 
hot water and (in the summer) space heating system. High thermaliy resistant windows 
minimise solar gain in summer and heat loss in winter. Externally, fixed position louvres 
control the solar gain from south facing conservatory (this provides shading from sun in 
summer, while not interfering with the low path of the sun in the winter). As part of the work, 
1960s gas boiler replaced with condensing gas boiler which solar thermal feeds into via a 
soiar coil.
• Passive solar conservatory cost £100,000 to install including soiar thermal, underfloor 
heating and new condensing gas boiler, and insulation. Installed by an individual building 
contractor who project managed the building work and brought in other tradesmen (e.g. a 
plumber) as appropriate.
• The homeowners esdtimated that extra space required for conservatory, extra demand for 
underfloor heating and two successive cold winters means that they still use a third more 
gas than before. Decision to instali conservatory primariiy a lifestyle one, they spoke of 
“keeping tootsies warm in the winter” while their neighbours were complaining about their 
fingers going numb during the recent cold winter.
Soiar thermal and solar PV
• Solar thermal heated liquid feeds into the bottom of the hot water cylinder, in which the 
water is not actually replaced. Temperature in evacuated tube solar thermal can get up to 
85°C, but the cold water intake cools it down to between 50 and 60°C.
• Solar thermal provides 1,000 KWh/year. During winter, solar thermal may only provide 
some of the hot water requirement, topped up by the gas. Heating pipes feed into the 
underfioor heating system (which was only installed under conservatory) and conventional 
radiators (slightly larger than the norm). Grid naturai gas supplies the water in the upper part 
of the cylinder although during peak output in the summer it is possible for solar thermal to 
provide most, even ali of the hot water and space heating requirement (including underfloor 
heating in the conservatory.
• The grid electric annuai consumption to January 2011 was 4.1 MWh; for the year to Mar 
2011 it was 3.0 MWh. Therefore, the householders assumed that they saved 1.1 MWh of 
electricity from their solar PV system.
Other attempted energy saving measures
• 300 mm rockwool & fibreglass loft insulation topped up successively by British Gas and 
Eon;
• Conservatory extension has 200 mm roof insulation; 150 mm Quailofili in vaulted ceiling 
and under concrete subfloors; rockwool wall insulation.
• 2 sunpipes in utility room;
• Most but by no means all lights use iow energy lightbulbs;
• Shower but no bath (dubious logic?); low flush toilet.
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Appendix C
1950's extensively renovated detached house. Normandy, Saturday 24 March 2012
Previous heating system
• Was using oil-fired heating before.
• Was quoted £15,000 to switch to a mains connection, including £8,000 for a trench to the 
house which is set back from the road aiong a drive.
Air source heat pump
• The installer asked if the homeowner was having insulation fitted before installing the heat 
pump but did not check (but he also said he commissioned his own plumbers and 
electricians to install the heat pump, so some confusion here)
• 3-year warranty
• Initiai problem with unit but Mitsubishi swapped them over, and gave homeowner £200 
towards electricity biii
• 14 KW system, cost about £10,000, but doubie fan system -  the homeowner assumes 
single unit would cost £6-7000
• Not too noisy at full blast.
• Is on or on standby constantly, but often in standby mode. Operates at fuii blast 1-2 hours 
per day.
• When freezes up at the back, hot water circulated to back of system to melt ice. ASHP 
operated fine down to -15oC in recent cold winters.
• Situated a bit away from the exterior house waii, on a concrete plinth.
• Can only heat space or hot water one at a time but this can programmed in such a way as
to be perfectly adequate. Water in tank remains sufficiently hot for three days.
• Homeowner did consider GSHP but though it was much more expensive than ASHP and 
more disruptive to instali.
• Should get £200 a year from Renewable Heat Incentive (Renewable Heat Premium 
Payment).
Heating & radiators
• House fioor area 2,500 square feet
• Thermostatic controls on landing for space heating.
• Each double convective radiator cost about £100
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• House set to be kept at 19.5oC. One or two degrees higher would exponentially increase 
cost of eiectricity from heat pump.
• Radiator temperature 35°C -  47°C.
• Induction hob in kitchen for cooking.
• Heated towel rails in bathrooms
• Some localised electric tiie fioor heating in downstairs bathroom with its own thermostat.
Hot water
• 700 litre water tank -  apart from need for large thermal store with heat pump, also the 
house has four bathrooms and four showers.
• Hot water tank manufactured by McDonald Tanks -  it wouid aliow for interfacing with solar 
hot water, but he doesn’t think the financial payback is good enough for the latter.
• Small Mitsubishi Eiectric computer next to hot water cylinder for air source heat pump.
• Hot water temperature usuaily 55°C -  57°C but once a week the hot water cylinder
temperature is programmed to rise above 60°C for legionella protection.
• Had to change taps to give more turn given lower hot water temperatures than 
conventional heating.
• Uses a Grunfoss pump to provide instantaneous hot water, 7-9am and 5-10pm. Wood 
burning stove
• Cost £1200, purchased from Dorking Stove Company based near Guildford.
• Double-sided, so twice typicai size, 11kW
• Claims it is around 80% efficient, compared to 30% for an open fire
• Burns logs, which he gets from a tree surgeon.
Insulation
• Even has insulation between floors and wardrobes built into walls have been insulated as 
they have been put in.
• Selatex, Ecotherm, Kingspan, mineral fibre
• Win win -  insulation also acts as sound proofing 
Eiectricitv use
• 16,000 KWh a year, of which 13,000 KWh from house (some uncertainty as to whether I 
recalled these figures correctiy)
• Electricity cost £3.30 a day
• Low voltage lighting, but lots of electricity hungry appliances, e.g. large plasma TV, 
computers, auxiliary electric heating in bathrooms etc.
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Appendix D
Rivendell eco-house, Elstead, Saturday 24 March 2012
Solar hot water
• Evacuated tubes on south-facing roof.
• Fitted by private plumbers.
Wood stove
• 4kW Charnwood Country 4 (made in the isle of Wight).
• Claims 81% efficiency.
• Chimney needs to be weli insulated.
• No problems experienced with ‘blowback’ or muck in the chimney.
Insulation
• 300 ml in roof, 185 mi in walls, goes beyond building regulations 
Heating
• Underfloor heating laid deep in screed, acts as a heat store which works on off-peak 
(Economy 10) tariff. However, as their house is based on sand, this causes problems with 
the underfioor heating as sand is not a good conductor of heat.
• Underfioor heating beneath all of ground floor except kitchen cupboards.
• Underfioor heating operates at temperature of about 30°C.
• MVHR distributes heat across house anyway, homeowners say they prefer resultant quality 
of air.
• No radiators -  building fabric retains heat reaiiy well.
Sunpipes
• Cost between £200 and £500 each.
Garden irrigation
• 5000 litre tanks in ground used to water garden.
• No grey water recycling (someone else thesaid it made the house smell of "rotten 
cabbage’).
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Appendix E
Variation in eiectricitv consumption at Brookwood Farm houses
Figure 38 Daily rate of electricity consumption at Brookwood Farm: Annual 
comparison of 2-bedroom houses
20
16
14
12
10
8
6
4
2
0
House 10House 9House? House 8
"23/05/2011 -28/05/2012 
■28/05/2012 - 04/06/2013
average
Figure 39 Daily rate of electricity consumption at Brookwood Farm: Annual 
comparison of 3-bedroom houses
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Appendix F
Pilot survey of microgeneration installer businesses
Richard Hanna
Doctoral Researcher
Room 33, AZ Building
Centre for Environmental Strategy
University of Surrey
Guildford. GU2 7XH
r.hanna@surrey.ac.uk
http://www.surrey.ac.uk/ces
About the research
This survey is the first stage of an academic research project on microgeneration 
installations within households. The results should provide a starting point to assess 
variations in installer business models, and how these influence the number, quality and 
location of residential microgeneration installations across the UK.
All businesses who respond will receive a pre-publication summary of survey findings. This 
will respect your confidentiality by outlining overall statistics, and will not mention businesses 
by name.
How microgeneration is defined in this survey
Much of the survey asks questions about residential-sized microgeneration, installed within 
households to generate heat and/or electricity at the point of use. Some questions attempt to 
establish how installer business models vary beyond the residential market. For the sake of 
clarity, microgeneration is taken here to refer to those products recognised through the 
Microgeneration Certification Scheme.
Instructions for completing the survey
If you need to leave the survey before completion, a 'Save and Continue Later' button is 
provided. You will be emailed a link to your saved survey, so you may complete it at another 
time. You will be re-entered at the beginning of the survey, so that you can review your 
saved answers before continuing. At the end of the survey, please click the 'Finish Survey 
and Submit' button once you are satisfied with your responses.
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Timescale and queries
This survey w ill c lose fo r responses a fte r Friday 8th July.
Please contact me regarding any queries or problems encountered at my email address 
above.
Thank you for your time,
Richard
1 ) What year was your business created?
2) Is this the same year that your business first started installing
microgeneration?
|# : |Y e s
No
3) What year did your business first start installing microgeneration?
4) What industry did your business work in before you started installing microgeneration? 
Please be as specific as possible in the space provided.
5) Are you owned by another business, i.e. parent or holding
company?
Yes
No
6) Please state the name of the business that you are owned by.
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7) How many people does your business employ?
Please do not include sub-contractors.
8) Approximately what percentage of your company's employees work on microgeneration?
This couid be any aspect of design, installation, maintenance or other microgeneration-reiated activities.
100
%
90
%
80
%
70
%
60
%
50
%
40
%
30
%
20
%
10
%
0
%
9) In which country or region of England are your UK business headquarters located?
:l Northern Ireland
Wales
Scotland
North West
$3 ; North East
Yorkshire and Humber
West Midlands
East Midlands 
#  ;{ East England 
\ London
#  [ South East
#  f South West
10) Do you have more than one business location in the UK, in addition to your headquarters?
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w  Yes 
No
11) In which UK countries or English regions do you have additional (non-headquarters) business
premises?
Please tick all that apply.
#  ; Northern Ireland 
I #  ; I Scotland
i # : |  Wales
#  r North West
;| North East 
:i Yorkshire and Humber
:  I West Midlands
East Midlands
#  I East England
London 
\m l \ South East
#  ? South West
Please indicate purpose of additional business premises:
12) Between April 2010 and March 2011, did you install microgeneration systems to supply energy to the 
following building types?
Please tick all technologies that apply.
250
Air source
heat Biomass 
pumps
Ground
source
heat
pumps
Micro-
Hydro Solar PVheat and thermal turbines
power
Privately-owned
homes
Public-sector-owned
homes
Schools
Hospitals
# i
* i |
* i
» !
»!
mil
» !
» !
j # : |
Other public sector 
buildings, e.g. 
council or 
government offices
Charitable / 
community/ 
voluntary sector 
buildings
Business, 
commercial and 
industrial buildings
The next three questions only ask you to provide information on residential microgeneration installed 
within households, including gardens.
13) For each UK country or English region below, tick the box under any residential microgeneration technology 
that you have installed there between April 2010 and March 2011.
Air source
heat Biomass 
pumps
Ground
source
heat
pumps
Hydro
Micro­
combined 
heat and 
power
Solar PV Solar Wind thermal turbines
Northern Ireland
Scotland
r-: r
r.. t::
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Wales
North West
North East
Yorkshire and 
Humber
West Midlands
East Midlands
East England
London
South East
South West
i # !
I # !
# !
# !
»! |i*i |»!|
:: #!
I#!
14) Between April 2010 and March 2011, how many residential microgeneration systems did you install by each 
of the following technologies?
1-10 11-20 21-30 31-40 41-60 61-80 81-100 101 +
Air source heat 
pumps
Biomass
Ground source heat 
pumps
Hydro
Micro-combined 
heat and power
Solar PV
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Solar thermal
Wind turbines
|»i
i'»i
15) Between April 2010 and March 2011, which manufacturer and product model did your business most 
commonly install in homes for each of the following technologies?
For any technologies you do not install, please leave the response fields blank.
Manufacturer Product model
Air
Ground
4pUMipis-
Micro-
combin.
i
power
T
Wind-
to
16) Between April 2010 and March 2011, how frequently or rarely did you use the following routes to market 
your installation services to potential residential customers?
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For each marketing strategy, please select the frequency which most closely applies to your business.
_ . Several At least . . .., Once in the _ . „ At least _ ,Never times in the once a , Every dayyear .. once a week ^ year month
Radio
Through community 
organisations
Business directories (Print 
and/or online)
Adverts in public locations
Demonstration of working 
installations
Door drop leaflets
Your company website
Newspapers (Print and/or 
online)
Television
Through local councils
»!
» i
»
i » i
1»! »!l
1»!
»! »!
»!
»! »!
»!
; »! »!
lÉi »!
»! »!
»! »!
Other. Please describe briefly any alternative marketing strategies that you have used:
17) Between April 2010 and March 2011, how frequently or rarely did your business sell microgeneration 
systems to residential customers in the following ways?
For each financing strategy, please select the frequency which most ciosely applies to your business.
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Never
_ . ,, Several At leastOnce in the _times in the once ayear year month
At least 
once a week Every day
Customers pay full retail price 
up front
Mortgage additions instead of 
up front payment »!
Low interest loans instead of 
up front payment
PV installed for free, financed 
by your business receiving 
feed-in tariff payments
PV installed for free, financed 
by a third party who receive 
feed-in tariff payments
»!
Other. Please describe any alternative financing options that you offer to residential customers:
18) To what extent is it difficult or easy for your business to recruit staff with adequate specialised training and 
skills required for the installation of microgeneration in homes?
Very difficult
Fairly difficult 
Neither difficult nor easy 
Fairly easy 
Very easy
Not applicable to my business
19) Do you send any of your installers on external microgeneration installation training courses? 'External' 
means not provided or hosted by your business.
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:IYes
No
20) Please name up to three UK-based training providers that you prefer to send your installers to for
courses in microgeneration installation.
Name of training provider 
Name of training provider 
Name of training provider
21) Does your business run its own training courses on microgeneration installation for your staff?
» i  No
22) Please provide your job title and a brief description of your responsibilities within the business.
Job Title
23) Please make comments on how relevant the survey questions are to your business, and the ease or 
difficulty in answering them. How could the survey be improved?
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Appendix G
Survey of microgeneration installer businesses
Richard Hanna
Doctoral Researcher
Room 33, AZ Building
Centre for Environmental Strategy
University of Surrey
Guildford, GU2 7XH
r.hanna@surrey.ac.uk
http://www.surrey.ac.uk/ces
About the research
This survey forms part of an academic research project investigating the extent to which 
installer business models vary and their relationship with the number, quality and location of 
home installations across the UK.
All businesses who complete the survey will receive a pre-publication summary 
of research findings. This will respect your confidentiality by outlining overall statistics, 
and will not mention businesses or individuals by name.
How microgeneration is defined in this survey
Much of the survey asks questions about residential-sized microgeneration, installed within 
households to generate heat and/or electricity at the point of use. Some questions attempt to 
establish how installer business models vary beyond the residential market. For the sake of 
clarity, microgeneration is taken here to refer to those products recognised through the 
Microgeneration Certification Scheme.
Instructions for completing the survey
If you need to leave the survey before completion, a 'Save and Continue Later' button is 
provided. You will be emailed a link to your saved survey, so you may complete it at another 
time. You will be re-entered at the beginning of the survey, so that you can review your 
saved answers before continuing. At the end of the survey, please click the 'Finish Survey 
and Submit' button once you are satisfied with your responses.
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Timescale and queries
This survey has been re-opened for a short period of time only and closes after Thursday 
22nd December.
Please contact me regarding any queries or problems encountered at my email address 
above.
Thank you for your time,
Richard
1 ) What year was your business created?
2) Is this the same year that your business first started installing
microgeneration?
|# : |Y e s
No
3) What year did your business first start installing microgeneration?
4) What industry did your business work in before you started installing microgeneration? 
Please be as specific as possible in the space provided.
5) Are you owned by another business, i.e. parent or holding
company?
:|Yes
l\ No
6) Please state the name of the business that you are owned by.
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7) How many people does your business employ?
Please do not Include sub-contractors, but please do include 
Owners and Directors as employees.
8) Approximately what percentage of your company's employees work on microgeneration?
This could be any aspect of design, installation, maintenance or other microgeneration-related activities.
100
%
90
%
80 n ^ 7 0  ^ 6 0  #wk'50
1% LZl%  % '%
g T30  n
i1%  I _ %  i
10 Awk 5 r ^ o
9) In which country or region of England are your UK business headquarters located?
#  : Northern Ireland
Wales 
f i f  Scotland
#  ? North West
I North East
I Yorkshire and Humber 
: West Midlands 
East Midlands 
East England 
London
South East 
South West
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10) Do you have more than one business location in the UK, in addition to your headquarters?
;iYes
No
11) In which UK countries or English regions do you have additional (non-headquarters) business
premises?
Please tick all that apply.
#  : Northern Ireland
Scotland
;  I Wales
North West 
North East
Yorkshire and Humber 
West Midlands 
East Midlands 
East England 
London 
I South East 
I South West
Please indicate purpose of additional business premises:
12) From April 2010 to end of September 2011, have you installed microgeneration systems to supply energy to 
the following building types?
Please tick all technologies that apply.
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Air source
heat Biomass 
pumps
Ground
source
heat
pumps
Hydro
Micro- 
combined 
heat and 
power
Solar PV Solar Wind thermal turbines
Privately-owned
homes
Public-sector-owned
homes
Schools » !
Hospitals
Council or 
government offices
Charitable / 
community / 
voluntary sector 
buildings
l» ! l  !» ! !
Business, 
commercial and 
industrial buildings
13) For each UK country or English region below, tick the box under any residential microgeneration technology 
that you have installed there from April 2010 to end of September 2011.
Air source
heat Biomass 
pumps
Ground
source
heat
pumps
Hydro
Micro­
combined 
heat and 
power
Solar PV Solar Wind thermal turbines
Northern Ireland
Scotland
Wales !»!l
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North West
North East
Yorkshire and 
Humber
| » i
»! I»!
j » !
I»!
West Midlands
East Midlands
East England
London
South East
South West
»!
I»!l
» j
.»!
»!
»!
i...: ::.j
»!
I»!l I»!
The next two questions ask for information over two time periods: April 2010 to end of March 2011, and April 
2011 to end o f September 2011.
14) From April 2010 to end of March 2011, how many residential microgeneration systems did you install by 
each of the following technologies?
0 1-5 6-10 11-20 21-30 31-40 41-60 61-80 81-100 101 +
Air source heat 
pumps
Biomass
Ground source heat 
pumps I #
Hydro
Micro-combined heat 
and power
l»!l »!
»!l [»! i»!l I»
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Solar PV I #
Solar thermal l» i l» ; l  » !
Wind turbines l » i l  I » !
15) From April 2011 to end of September 2011, how many residential microgeneration systems did you install 
by each of the following technologies?
0 1-5 6-10 11-15 16-20 21-30 31-40 41-50 51-60 61 +
Air source heat 
pumps »! »! »! » !
Biomass [ » !
Ground source heat 
pumps »! »! »! »! »
Hydro I# !
Micro-combined heat 
and power
Solar PV
Solar thermal
Wind turbines
16) From April 2010 to end of September 2011, which manufacturer and product model has your business most 
commonly installed in homes for each of the following technologies?
For any technologies you do not install, please leave the response fields blank.
Manufacturer Product model
Air
SjC"'""
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Ground
j'pUi-ups—
Micro-
cpmbicL
Ï ____
power
Solar
pm------
Solar
—
ill)
til
Wind, 
ti
17) For the next three questions, please type into the boxes below one of the most common manufacturer and 
product models that you install which you have already mentioned above.
If you are not able or willing to provide information on manufacturers and models, please proceed to the next 
page o f the survey.
Manufacturer
Product model
18) For this product model, what is the duration m 
years of any warranties, guarantees or 
maintenance contracts that you provide to 
residential customers?
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Less . ,
th an ! 2 -5or 1 yearyear
6 -1 0  11 -15 16-20 21 -25
We do 
26 years not 
or more provide 
this
Manufacturer
warranty
Installer warranty
Extended
guarantee
'E fM.
Nil l»i #
Nil 
N i N ! '  i N i
Ni N
Maintenance
contract Nil NI Ni Ni Ni
Please provide details of any extended guarantees or maintenance contracts that you offer:
19) For this product model, which services from site survey through to maintenance does your business usually 
sub-contract or carry out directly?
My business Mixture of my We do not sub- 
Sub-contract carries this out business / sub- contract or do this 
exclusively contracting ourselves
Site survey 
Design
I# :
Installation I » :
Maintenance
20) For this product model, what methods or software do you use to estimate generation or system 
performance?
SAP 2005 
11 SAP 2009
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Other, please state the name of any methods or software used for this product:
21) From April 2010 to end of September 2011, how frequently or rarely did you use the following routes to 
market your installation services to potential residential customers?
For each marketing strategy, please select the frequency which most closely applies to your business.
_ . Several At least . . .Once in the .. . ,, At least _ ,Never times in the once a , Every dayyear once a week
year month
Radio
Word of mouth 
Your company website 
Through local councils 
Television
Demonstration of working 
installations
Lead generation websites
Newspapers (Print and/or 
online)
Public events
Door drop leaflets
Business directories (Print 
and/or online)
I# :
I# !
I *
I # !
I# :
I#
I #
f'., t:--
n :
I# !
Other. Please describe briefly any alternative marketing strategies that you have used:
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22) From April 2010 to end of September 2011, how frequently or rarely did you receive enquiries from people 
wishing to install microgeneration in their homes as a result of the same marketing strategies?
Please select the frequencies which most closely apply.
Never Once in the year
Several At least At least
times in the once a once a Every day Don't know
year month week
Television
Door drop leaflets
Business directories 
(Print and/or online)
Lead generation 
websites
» !
I *
i# !
c:
I# !
Demonstration of 
working installations
Your company website 
Word of mouth 
Radio
Public events
Newspapers (Print 
and/or online)
« I
Nil
Through local councils
Other. Please provide any information on how frequently or rarely you have received enquiries from people 
wishing to install microgeneration in their homes as a result of any alternative marketing strategies:
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23) From April 2010 to end of September 2011, how frequently or rarely did your business sell microgeneration 
systems to residential customers in the following ways?
For each financing strategy, please select the frequency which most closely applies to your business.
Never Once in the year
Several At least
times in the once a
year month
At least 
once a week Every day
Customers pay full retail price 
on completion
Customers pay deposit or 
staggered payments and 
remainder on completion
N i c
Mortgage additions instead of 
up front payment
Low interest loans instead of 
up front payment
r,:
l»i|
PV installed for free, financed 
by your business receiving 
feed-in tariff payments
PV installed for free, financed 
by a third party who receive 
feed-in tariff payments
Other. Please describe any alternative financing options that you offer to residential customers:
24) Do you send any of your installers on external microgeneration installation training courses? 'External' 
means not provided or hosted by your business.
Yes
MNo
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25) Please name up to three UK-based training providers that you prefer to send your installers to for 
courses in microgeneration installation.
Name of training provider
Name of training provider
Name of training provider
26) Please provide your job title and a brief description of your responsibilities within the business.
Job Title
27) Did you found or set up your business?
Yes
No
28) How many years have you worked for, or run, your current business? 
Less than 1 year 
1 - 2
3 - 4
5 - 6
: 7 - 8
8 ;  9 - 1 0  
1 1 - 1 5
1 6 - 2 0
21 years or more
29) In what industry and role did you work prior to your current business?
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30 ) A  small sam ple of respondents will be selected for an additional interview to help expand on the survey 
results. Interviews will be conducted over the first half of next year. If selected, would you be willing to take  
part in an interview?
I# :I  Yes 
^ N o
M H Undecided - 1 would require further information.
31 ) You are  invited to m ake any overall com m ents on the
survey.
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Appendix H
Repeat survey of microgeneration installer businesses 2012
Richard Hanna
Doctoral Researcher
Room 33, AZ  ^Building
Centre for Environmental Strategy
University of Surrey
Guildford. GU2 7XH
r.hanna@surrey.ac.uk
http://www.surrey.ac.uk/ces
About the research
This survey forms part of an academic research project investigating the extent to which 
installer business models vary and their relationship with the number, quality and location of 
home installations across the UK.
Any academic publications based on the research findings will respect your confidentiality by 
outlining overall statistics, and will not mention businesses or individuals by name.
How microqeneration is defined in this survey
Much of the survey asks questions about residential-sized microgeneration, installed within 
households to generate heat and/or electricity at the point of use. Some questions attempt to 
establish how installer business models vary beyond the residential market. For the sake of 
clarity, microgeneration is taken here to refer to those products recognised through the 
Microgeneration Certification Scheme.
Instructions for completing the survey
If you need to leave the survey before completion, a 'Save and Continue Later' button is 
provided. You will be emailed a link to your saved survey, so you may complete it at another 
time. You will be re-entered at the beginning of the survey, so that you can review your 
saved answers before continuing. At the end of the survey, please click the 'Finish Survey 
and Submit' button once you are satisfied with your responses.
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Timescale and queries
This survey closes on Monday 26 November at 5pm.
Please contact me regarding any queries or problems encountered at my email address 
above.
Thank you for your time,
Richard
1) In which country or region of England are your UK business headquarters located? 
. #  I Northern Ireland
? I Wales
Ï I Scotland
#  : North West
#  : North East
Yorkshire and Humber 
H é  I West Midlands 
1 East Midlands
#  I East England
London 
l \ South East 
? I South West
2) Do you have more than one business location in the UK, in addition to your
headquarters?
:|Yes
iW lN o
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3) In which UK countries or English regions do you have additional (non-headquarters) business
premises?
Please tick all that apply.
Northern Ireland
Wales
Scotland
#  I North West 
North East
# :  Yorkshire and Humber
West Midlands
fv  ? East Midlands
East England 
London
South East 
‘ I South West
Please indicate purpose of additional business premises:
4) How many people does your business employ?
Please do not Include sub-contractors, but please do include Owners and Directors as employees.
5) Approximately what percentage of your company's employees
work on microgeneration?
This could be any aspect o f design. Installation, maintenance or
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other microgeneration-related activities.
;100 i^ ; 9 0
% " %
80
%
70
%
60
%
l4# ;50  ig  T 40
I i % f  1%  i % t
;0
' ■ %
6) From October 2011 to end of September 2012, have you installed microgeneration systems to supply 
energy to the following building types?
Please tick all technologies that apply.
Air source
heat Biomass 
pumps
Ground Micro­
source ,, . combined _ , Solar Wind ^ Hydro .  ^ . Solar PV ,, , . .heat heat and thermal turbines
pumps power
Privately-owned
homes
Public-sector-owned
homes
Schools
Hospitals
Council or 
government offices # ;  # !  N
*1
N i
Ni
Charitable / 
community / 
voluntary sector 
buildings
!# !
Business, 
commercial and 
industrial buildings
Nil IN
7) For each UK country or English region below, tick the box under any residential microqeneration technology 
that you have installed there from October 2011 to end of September 2012.
Air source
heat Biomass 
pumps
Ground Micro­
source ,, . combined Solar Wind. . Hydro ,  ^ , Solar PV . . .heat heat and thermal turbines
pumps power
274
Northern Ireland 
Scotland 
Wales 
North West
North East
Yorkshire and 
Humber
West Midlands 
East Midlands 
East England 
London 
South East 
South West
# !
*
# !
i #
I#'
|# i
[Ni] |Ni
iN Ï
Ni
N| ' [Ni
l?!| Nl [Ni
N! Ni
Êil c
N!| N
N! Ni
N; Ni Ni
N! N i
I# :
| # j
| # ' j
I # !
The next two questions ask for information over two time periods: October 2011 to end of March 2012; and April 
2012 to end of September 2012.
8) From October 2011 to end of March 2012, how many residential microgeneration systems did you install by 
each of the following technologies?
0 1-5 6-10 11-20 21-30 31-40 41-60 61-80 81-100 .101 +
Air source heat 
pumps
Biomass N : N ; N ! * !
275
Ground source heat 
pumps
Hydro
Micro-combined heat 
and power
Solar PV
! * ; i
I # !
Solar thermal
Wind turbines
9) From April 2012 to end of September 2012, how many residential microgeneration systems did you install by 
each of the following technologies?
0 1-5 6-10 11-15 16-20 21-30 31-40 41-50 51-60 61 +
Air source heat 
pumps
Biomass
Ground source heat 
pumps
Hydro
Micro-combined heat 
and power
g#4#: 4*; 4*; 4»; 4#; 4*: 4*
»! »! »! I
I*! IB! I#
IB! IB! IB! IB! » !
Solar PV
Solar thermal
Wind turbines
10) To what extent do you consider the following factors have increased or decreased the number of 
microgeneration systems that you have installed in homes in 2012 compared to 2011?
Negative media 
coverage about 
microgeneration
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Great Moderate , Moderate Great ^  , Not. No change . . Don t know , ,decrease decrease increase increase applicable
Delays to Renewable 
Heat Incentive 
(Domestic)
Feed-ln Tariff reductions
Marketing by your 
company
Green Deal policy 
announcements
Lower up front costs of 
microgeneration
Renewable Heat 
Premium Payments
|# j
i # j
Other. Please comment on any other factors that you consider relevant and their relative impact:
11 ) From October 2011 to end of September 2012, which manufacturer and product model has your business 
most commonly installed in homes for each of the following technologies?
For any technologies you do not install, please leave the response fields blank.
Manufacturer Product model
Air
T
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Ground
i'pUJiipS—
-------
Micro-
cpmbiTL
4____
power
Solar
pn------
Solar 
FT------
L
t|l____
Wind__
til
12) Please rate the following factors according to the extent to which they are a priority when you choose 
manufacturers for residential microgeneration installations.
Not a priority Low priority ''^riorit^ High priority Essential
Deals offered through suppliers 
or distributors
Customer preferences
Locally-based manufacturers
Product performance and 
reliability
Manufacturer service and back
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up
Wholesale costs of products
Terms of manufacturer 
warranties
l # : |
Other. Please comment on any other factors that you consider and their relative priority level;
13) From October 2011 to end of September 2012, how frequently or rarely did you use the following routes to 
market your installation services to potential residential customers?
For each marketing strategy, please select the frequency which most closely applies to your business.
Never
_ . .. Several At leastOnce in the ,. . ,,times in the once ayear year month
At least 
once a week Every day
Demonstration of working 
installations
Newspapers (Print and/or 
online)
Word of mouth 
Public events »
Through local councils
Business directories (Print 
and/or online)
» T » ! » ! # ! » !
Door drop leaflets » i m n\ » ! » ! » !
Radio M l e [ » ! » ! » !
Television » ! » ! » ! » ! » !
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Lead generation websites
Your company website
# !
Other. Please describe briefly any alternative marketing strategies that you have used:
14) For the two time periods - October 2011 to end of March 2012; and April 2012 to end of September 2012:
Please enter the number of any staff that you sub-contracted for the following purposes.
Oct 2011 to end of Mar Apr 2012 to end of Sep 
2012 2012
Plumbing and heating work 
Administration 
Microgeneration installation 
Sales and marketing
Microgeneration servicing and maintenance 
Electrical work
Specifying microgeneration systems for installs 
Roofing services 
Site surveys 
Scaffolding
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Other. Please state nature of service sub-contracted and number of staff:
15) Please comment on the extent to which your business has changed in 2012 compared to the last two years, 
and what factors have caused this?
16) Please provide your job title and a brief description of your responsibilities within the business.
Job Title
Reproduced with permission of copyright owner. Further reproduction prohibited without permission.
